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BENZOTHIAZOLES AND THE USE
THEREOFK AS MEDICAMENTS

The present invention relates especially to novel chemical
compounds, particularly novel benzothiazole derivatives, to
compositions containing them and to their use as medicinal
products.

More particularly, the mvention relates to novel sulionic
esters of benzothiazoles with anticancer activity, via modu-
lation of the activity of proteins, 1n particular of kinases.

At the present time, most of the commercial compounds
used in chemotherapy are cytotoxic, which pose major prob-
lems of side effects and tolerance by the patients. These
clifects might be limited msofar as the medicinal products
used act selectively on the cancer cells, with the exclusion of
healthy cells. One of the solutions for limiting the adverse
cifects of chemotherapy may thus consist in using medicinal
products that act on metabolic pathways or constituent com-
ponents of these pathways, predominantly expressed in the
cancer cells, and which are expressed little or not at all 1n
healthy cells.

Protein kinases are a family of enzymes that catalyze the
phosphorylation of hydroxyl groups of specific residues of
proteins, such as tyrosine, serine or threomine residues. Such
phosphorylations may largely modify the function of pro-
teins; thus, protein kinases play an important role 1n regulat-
ing a wide variety of cell processes, especially including
metabolism, cell proliferation, cell differentiation, cell
migration or cell survival. Among the various cellular func-
tions 1n which the activity of a protein kinase 1s ivolved,
certain processes represent attractive targets for treating can-
cer diseases and also other diseases.

Thus, one of the objects of the present mmvention 1s to
propose compositions with anticancer activity, by acting in
particular on kinases. Among the kinases for which modula-
tion of activity 1s desired, the cyclin-dependent kinases and
Aurora-2 are preferred.

The progress of the cell cycle 1s often governed by cyclin-
dependent kinases (CDK), which are activated by means of an
interaction with proteins belonging to the cyclin family, this
activation terminating with the phosphorylation of substrates
and finally with cell division. In addition, the endogenous
CDK 1nhibitors that are activated (INK4 and KIP/CIP family)
negatively regulate the activity of CDKs. The growth of nor-
mal cells 1s due to a balance between the CDK activators (the
cyclins) and the endogenous CDK ihibitors. In several types
ol cancer, the expression or the aberrant activity of several of
these cell cycle regulators has been described.

Cyclin E activates the kinase Cdk2, which then acts to
phosphorylate the protein pRb (retinoblastoma protein),
resulting in an engagement 1n 1rreversible cell division and
transition toward the S phase (PL Toogood, Medicinal
Research Reviews (2001), 21(6) 48°7-498. The kinase CDK?2
and possibly CDK3 are necessary for progress in the Gl
phase and entry into the S phase. During the formation of a
complex with cyclin E, they maintain the hyperphosphoryla-
tion of pRb to aid the progress of the G1 phase into the S
phase. In complexes with cyclin A, CDK2 plays a role in
iactivating E2F and 1s necessary for producing the S phase

(T. D. Davies et al. (2001) Structure 9, 389-3).

The CDK1/cyclin B complex regulates the progress of the
cell cycle between the G2 phase and the M phase. Negative
regulation of the CDK/cyclin B complex prevents normal

10

15

20

25

30

35

40

45

50

55

60

65

2

cells from entering the S phase before the G2 phase has been
correctly and fully performed (K. K. Roy and E. A. Sausville
Current Pharmaceutical Design, 2001, 7, 1669-1687).

A level of regulation of the activity of CDKs exists. Cyclin-
dependent kinase activators (CAK) have a positive regulatory

action on CDKs. CAK phosphorylates CDKs on the threo-
nine residue to render the target enzyme fully active.

The presence of defects 1n molecules participating 1n the
cell cycleresults 1n activation of the CDKs and progress of the
cycle; it 1s normal to wish to inhibit the activity of the CDK

enzymes 1n order to block the cellular growth of cancer cells.

Many proteins mmvolved 1in chromosome segregation and
spindle assembly have been i1dentified 1n yeast and droso-
phila. Disorganization of these proteins leads to the absence
of segregation of the chromosomes and to monopolar or dis-
organized spindles. Among these proteins, certain kinases,
including Aurora and Ipll, originating from drosophila and
from S. cerevisiae, respectively, are necessary for segregation
of the chromosomes and separation of the centrosome. A
human analogue of yeast Ipll has recently been cloned and
characterized by various laboratories. This kinase, known as

Aurora 2, STK15 or BTAK, belongs to the serine/threonine

kinase family. Bischoil et al. have shown that Aurora 2 1s
oncogenic, and 1s amplified 1n human colorectal cancers
(EMBO 1, 1998, 17, 3052-3065). This has also been illus-
trated 1n cancers involving epithelial tumors such as breast
cancer.

The present invention relates to novel benzothiazole
derivatives. It thus relates to the use of benzothiazole deriva-
tives as agents for mnhibiting kinases and more particularly as
anticancer agents. Among these, it preferably relates to sul-
fonic esters of benzothiazoles. It also relates to the use of said
derivatives for the preparation of a medicinal product for
treatment 1n man.

Among the prior art known to date describing sulfonic
esters of benzothiazoles, mention may be made of the pub-
lished patent application JP 0539036, which describes a pro-
cess for preparing derivatives having the general formula
below:

X1
) \‘)\/Ylﬁ(%)n
N A

X4

in which

Y, may represent a sulfur atom,
n may be equal to zero,

/. may be an acylamino group

the groups X, X, X; and X, are equal to H or may represent
an alkylsulfonyloxy group.

Among the huge majority of compounds included in the
general formula of the above-referenced patent, none of the
examples describes compounds corresponding to the active
compounds according to the invention, nor do they describe
the synthesis of benzothiazoles.




US 7,632,952 B2

3

The compounds according to the invention correspond to
the general formula (I) below:

S
/ N
R !} N_<N o//\\o

in which

X represents a group chosen from a covalent bond, (CH,)_,
with n equals to 1 or 2

Ar represents an aryl or heteroaryl group; this group 1s
optionally substituted with a group chosen from alkyl
groups, halogens, NR,R, (R, and R, being chosen from
hydrogen groups, alkyls, cycloalkyls or may together
form a heterocyclic or heteroaryl radical, these groups
themselves being optionally substituted), SO,alk,
Salkyl, alkoxy, heteroaryl or aryl groups

R represents a group chosen from hydrogen and an alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy,
cycloalkoxy, heterocycloalkoxy or amino group; R may
be optionally substituted with one or more groups cho-
sen from the same radicals as those defined for R.

The possible substituents on the groups R, and R, are
chosen especially from hydroxyl, heteroaryl, cycloalkyl and
aminoalkyl groups.

For the purposes of the present invention, the term “alkyl
group”’ means straight or branched chains containing 1 to 10
carbon atoms.

For the purposes of the present invention, the term
“cycloalkyl group™ means cyclic alkyl chains containing 3 to
10 carbon atoms.

For the purposes of the present invention, the term “het-
erocycloalkyl group” means cyclic alkyl chains containing 3
to 10 carbon atoms and containing at least one hetero atom
chosen from O, N and S.

For the purposes of the present invention, the term “group
NR,R,” means amino groups, preferably secondary amino
groups, 1.¢. groups for which at least one of the substituents 1s
hydrogen.

All these groups are optionally substituted with an alkyl,
cycloalkyl, heterocycloalkyl, heteroaryl, aryl, amino,
hydroxyl, alkoxy or halogen group.

For the purposes of the present invention, the term “aryl
radical” and “heteroaryl radical” means monocyclic radicals
optionally comprising one or more hetero atoms chosen from
O, N and S or radicals fused to another 5- or 6-membered ring
and optionally comprising 1 to 3 hetero atoms chosen from O,
N and S. Preferably, among the aryl or heteroaryl radicals,
mention may be made of phenyl, pyridyl, pyrimidine, triaz-
ine, pyrrolyl, imidazolyl, thiazolyl, furyl, thienyl, indolyl,
azaindazolyl, 1sobenzofuryl, 1sobenzothienyl, benzoxazolyl,
benzothiazolyl, arylvinylene, arylamido, arylcarboxamide,
aralkylamine, quinolyl, isoquinolyl, cinnolyl, qunazolyl,
naphthyridyl, triazolyl or tetrazolyl groups.

Among the aryl and heteroaryl groups, optionally substi-
tuted phenyl, thienyl, pyrazolyl or imidazolyl groups are pret-
erably chosen.

Among the substituents of the phenyl group that are pre-
terred are amino groups and halogens, 1n particular chlorine
and fluorine, and thus, among the aryl groups, di- and trifluo-
rophenyls and monoalkylaminophenyls are most particularly
preferred, the alkyl chain being optionally substituted with a
hydroxyl or dialkylamino group.

It 1s also preferred to choose, from among the compounds
of formula (I), those for which X represents a covalent bond
and those for which R represents a cycloalkyl radical.

Among the compounds corresponding to formula (I), men-
tion may be made of the following compounds:

(D)
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4-(2-hydroxy-2-methylpropylamino )benzenesulfonic  acid
2-[(piperidine-4-carbonyl)amino |benzothiazol-6-yl ester;

4-fluorobenzenesulifonic acid  2-(cyclopropanecarbony-
lamino)benzothiazol-6-yl ester;

4-cyclopentylaminobenzenesulionic acid 2-(cyclopropan-
ecarbonylamino )-benzothiazol-6-yl ester;

4-(3-imidazol-1-ylpropylamino)benzenesulionic acid 2-(cy-
clopropanecarbonyl-amino)benzothiazol-6-yl ester;

4-methylaminobenzenesulionic acid 2-(cyclopropanecarbo-
nylamino)-benzothiazol-6-yl ester;

4-(2-hydroxy-2-methylpropylamino)benzenesulfonic  acid
2-(cyclopropane-carbonylamino)benzothiazol-6-yl ester;

4-(2-diisopropylaminoethylamino)benzenesulionic acid
2-(cyclopropane-carbonylamino)benzothiazol-6-yl ester;

4-14-(4-pyrid-3-ylimidazol-1-yl)butylamino]benzene-
sulfonic acid 2-(cyclo-propanecarbonylamino)benzothia-
70l-6-y1 ester;

4-(2-1sopropylaminoethylamino)benzenesulifonic acid 2-(2-
piperid-4-ylacetyl-amino)benzothiazol-6-yl ester hydro-
chloride;

4-(3-imidazol-1-ylpropylamino)benzenesulionic acid 2-(2-
piperid-4-ylacetyl-amino)benzothiazol-6-yl ester hydro-
chloride;

4-(2-ethylaminoethylamino)benzenesulifonic acid 2-(2-pip-
erid-4-ylacetyl-amino )benzothiazol-6-yl1 ester hydrochlo-
ride;

4-]12-(2-hydroxyethylamino)ethylamino Jbenzenesulionic
acid 2-(2-piperid-4-yl-acetylamino )benzothiazol-6-yl
ester hydrochloride;

4-(2-hydroxy-2-methylpropylamino)benzenesulionic
2-(2-pipend-4-yl-acetylamino)benzothiazol-6-yl
hydrochlonide;

4-(2-1sopropylaminoethylamino)benzenesulionic acid 2-(8-
aminooctanoyl-amino)benzothiazol-6-yl ester hydrochlo-
ride;

4-(3-imidazol-1-ylpropylamino)benzenesulfonic acid 2-(8-
aminooctanoyl-amino)benzothiazol-6-yl ester hydrochlo-
ride;

4-(2-ethylaminoethylamino)benzenesulionic acid 2-(8-ami-
nooctanoylamino)-benzothiazol-6-yl ester;

4-]12-(2-hydroxyethylamino)ethylamino Jbenzenesulionic
acid 2-(8-amino-octanoylamino)benzothiazol-6-yl ester
hydrochloride;

4-(2-hydroxy-2-methylpropylamino )benzenesulfonic  acid
2-(8-aminooctanoyl-amino)benzothiazol-6-yl ester hydro-
chloride;

4-(2-1sopropylaminoethylamino)benzenesulionic acid 2-(3-
piperid-4-yl-propionylamino )benzothiazol-6-yl ester
hydrochloride;

4-(3-imidazol-1-ylpropylamino)benzenesulfonic acid 2-(3-
piperid-4-ylpropionylamino )benzothiazol-6-yl ester
hydrochloride;

4-(2-ethylaminoethylamino)benzenesulifonic acid 2-(3-pip-
erid-4-ylpropionyl-amino)benzothiazol-6-yl ester hydro-
chloride;

4-]12-(2-hydroxyethylamino)ethylamino Jbenzenesulionic
acid 2-(3-pipernid-4-yl-propionylamino)benzothiazol-6-yl
ester hydrochloride;

4-1sobutylaminobenzenesulfonic  acid  2-(2-piperid-4-
ylacetylamino)benzo-thiazol-6-yl ester hydrochloride;

4-1sobutylaminobenzenesulionic acid 2-(3-piperid-4-ylpro-
pionylamino)benzo-thiazol-6-yl ester hydrochloride;

4-1sobutylaminobenzenesulionic acid 2-(8-aminooctanoy-
lamino)benzothiazol-6-yl ester hydrochloride;

thiophene-2-sulifonic acid 2-[(piperidine-4-carbonyl Jamino]
benzothiazol-6-yl ester; compound with trifluoroacetic
acid;

thiophene-2-sulifonic acid 2-(3-piperid-4-ylpropionylamino)
benzothiazol-6-yl ester; compound with trifluoroacetic
acid;

acid
ester
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thiophene-2-sulfonic acid  2-(2-aminoacetylamino)ben-

zothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(2-methylaminoacetylamino)
benzothiazol-6-yl ester; compound with trifluoroacetic
acid;

thiophene-2-sulfonic acid 2-(3-aminopropionylamino)ben-
zothiazol-6-y1 ester; compound with trifluoroacetic acid;

thiophene-2-sulfonic acid 2-(8-aminooctanoylamino)ben-
zothiazol-6-yl ester; compound with trifluoroacetic acid;

thiophene-2-sulfonic  acid  2-(3-diethylaminopropiony-
lamino)benzothiazol-6-yl ester; compound with trifluoro-
acetic acid;

thiophene-2-sulfonic acid 2-(cyclopropanecarbonylamino)
benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic acid
2-[(azetidine-3-carbonyl)aminobenzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(8-aminooctanoyl-amino)benzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino)benzenesulionic acid

2-[(1-aminocyclo-pentanecarbonyl)amino |benzothiazol-
6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(2-piperid-4-yl-acetylamino)benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic acid
2-acetylaminobenzo-thiazol-6-y1 ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(2-methoxyacetyl-amino )benzothiazol-6-y1 ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid

2-(cyclopentane-carbonylamino)benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(6-aminohexanoyl-amino )benzothiazol-6-yl ester
hydrochloride;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(7-aminoheptanoyl-amino )benzothiazol-6-yl ester

hydrochloride;

4-(2-1sopropylaminoethylamino)benzenesulionic 2-(cyclo-
propanecarbonyl-amino)benzothiazol-6-yl ester hydro-
chloride;

4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-1sobutyrylamino-benzothiazol-6-yl ester hydrochloride;

4-(2-dusopropylaminoethylamino)benzenesulionic acid
2-propionylamino-benzothiazol-6-yl ester hydrochloride;

4-(2-hydroxy-2-methylpropylamino)benzenesulionic  acid
2-propionylamino-benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic acid
2-(cyclobutane-carbonylamino )benzothiazol-6-yl  ester

hydrochloride;
4-fluorobenzenesulifonic acid 2-(3-pyridin-3-ylpropiony-
lamino)benzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-(3-pyridin-3-yl-propionylamino )benzothiazol-6-yl ester
hydrochloride;
4-(2-hydroxy-2-methylpropylamino)benzenesulfonic  acid
2-(3-pyridin-3-yl-propionylamino )benzothiazol-6-yl ester
hydrochloride;
4-(1-oxvyl-2,2,6,6-tetramethylpiperidin-4-ylamino )benzene-
sulfonic acid 2-(cyclopropanecarbonylamino )benzothia-
70l-6-vy1 ester;
4-(2-hydroxy-2-methylpropylamino)benzenesulfonic  acid
2-(3-piperidin-4-yl-propionylamino )benzothiazol-6-yl
ester hydrochloride;
4-(2-dusopropylaminoethylamino)benzenesulionic acid
2-butyrylamino-benzothiazol-6-yl ester hydrochlornde;
4-(2-1sopropylaminoethylamino)benzenesulionic acid 2-bu-
tyrylamino-benzothiazol-6-yl ester; compound with trif-
luoroacetic acid;

4-(2-1sopropylaminoethylamino)benzenesulionic
2-1sobutyrylamino-benzothiazol-6-yl  ester;
with trifluoroacetic acid;

acid
compound
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4-(2-hydroxy-2-methylpropylamino )benzenesulfonic  acid
2-butyrylaminobenzothiazol-6-yl ester hydrochloride;

4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-propionylamino-benzothiazol-6-yl  ester; compound
with trifluoroacetic acid;

4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-acetylaminobenzo-thiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulionic acid

2-acetylaminobenzo-thiazol-6-yl ester hydrochloride;
4-(2-1sopropylaminoethylamino)benzenesulifonic acid 2-(2-
methoxyacetyl-amino)benzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulionic acid 2-(cy-
clopentane-carbonylamino )benzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulifonic acid 2-(cy-
clobutanecarbonyl-amino)benzothiazol-6-yl ester; com-
pound with trifluoroacetic acid;

1 -methyl-1H-1midazole-4-sulfonic acid 2-(cyclopropanecar-
bonylamino)benzo-thiazol-6-yl ester;

S-pyridin-2-ylthiophene-2-sulfonic acid 2-(cyclopropan-
ecarbonylamino )benzo-thiazol-6-yl ester;

4-(2-methyl-2-phosphonooxypropylamino)benzenesulionic

acid  2-(cyclopropanecarbonylamino )benzothiazol-6-yl
ester.

One of the processes for preparing the compounds accord-
ing to the invention may be represented schematically 1n the
following manner:

1. The compounds of formula (I) for which R=alkyl,

cycloalkyl, aryl, or heteroaryl, may be prepared according to
the synthetic scheme 1.

SCHEME 1
H S O H S O<
\ \ H
AT T — T
H N H N
(2)
RCO,H
(3)
Y
O
R% S O
X Ny
—
H
(4)
Cl X
\/S< SAr
O/ \0
(9)
Y
0O
X— Ar
R% S 0/
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-continued

O -
RA{ Q O\
N
§4<\N o// \\o

(8)

The compounds of the present invention may be readily
prepared from 5-methoxybenzothiazol-2-ylamine (commer-
cial compound).

In a first step, the starting material 1s demethoxylated in
acidic medium, preferably in an acetic acid/aqueous hydro-

10

15

8

general formula (1)) 1in the presence of a coupling agent such
as HATU or HBTU and of a base such as diisopropylethy-
lamine or triethylamine, in a suitable solvent. Among the
solvents that may be used, mention may be made of dimeth-
ylformamide and dichloromethane. The temperature of
choice for performing this reaction 1s between room tempera-
ture and reflux point.

In a third step, the sulfono esters of formula (6 ) are obtained
by reaction between the 3-hydroxybenzothiazol-2-ylamides
(4) and a sulfonyl chloride of formula (35) (X and Ar as defined
in the general formula (1)), 1n an 1nert solvent (acetone, THE,
dichloromethane or toluene), 1n the presence of a base such as
triethylamine or pyridine.

In the case where X Ar corresponds to 4-fluorophenyl, the
nucleophilic substitution of F with the amines of formula (7)
(R1R2 as defined 1n the general formula (I)) to give the
derivatives of formula (8) 1s performed 1n an aprotic solvent
such as N-methylpyrrolidone or dimethylformamide, at a
temperature ranging from 90 to 130° C., 1n a sealed tube or by

bromic acid mixture. *’ microwave.

In a second step, the 3-hydroxybenzothiazol-2-ylamides 2. The compounds of the present mvention for which
(4) are obtained by reaction between 5-hydroxybenzothiazol- R=alkoxy, cycloalkoxy or heterocycloalkoxy may be pre-
2-ylamine (2) and an acid of formula (3) (R as defined 1n the pared according to the synthetic scheme 2.

SCHEME 2
H\ S\N/\/O\ H\ S \/O\H
] - =]
H NN H N =
(2)
Cl X
S
O/ \O
(3)
Y
if XAr= X— Ar
Van S ‘ N /O\S/\
F H,N VA
.y \ /> <\N J a0
/ < (6)
O
— R3 )J\
> ) N o Cl
H2N4<\ ‘ O// \\o (5)
N F Y
(7) O
R )'I\
\O Cl
(5)
O
5 X—Ar
/OA{ S \ - \S/
R3 N %\ ‘ O// \\O
N F
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The compounds of the present invention may be readily
prepared from 5-methoxybenzothiazol-2-ylamine (commer-
cial compound).

In a first step, the starting material 1s demethoxylated in

acidic medium, preferably 1n an acetic acid/aqueous hydro-
bromic acid mixture.

In a second step, the sulfono esters of formula (4) are
obtained by reaction between S-hydroxybenzothiazol-2-
ylamine (2) and a sulfonyl chloride of formula (3) (X and Ar
as defined in the general formula (I)) in an inert solvent
(acetone, THF, dichloromethane or toluene), 1n the presence
ol a base such as triethylamine or pyridine.

In the case where X Ar corresponds to 4-fluorophenyl, the
nucleophilic substitution of F with the amines of formula (6)
(R1R2 as defined 1n the general formula (1)) to give the
derivatives of formula (7) 1s performed 1n an aprotic solvent
such as N-methylpyrrolidone or dimethyliormamide, at a
temperature ranging from 90 to 130° C., in a sealed tube or by
microwave.

The carbamates (8) are obtained by reaction between the
amines of formulae (4) and (7) and a chloroformate of for-
mula (5) (R3 as defined 1n the general formula (1)), 1n the
presence of an organic base such as pyridine, triethylamine or
duisopropylethylamine, or a mineral base such as potassium
carbonate, 1n a suitable solvent. Among the solvents that may
be used, mention may be made of tetrahydrofuran, dichlo-
romethane and dioxane. The temperature of choice for per-
tforming this reaction 1s between 0° C. and the reflux point.

3. The compounds of the present invention for which
R=alkylamino, cycloalkylamino or heterocycloamino may be
prepared according to the synthetic scheme 3.

(10

The ureas of formula (10) may be obtained by reaction
between the carbamates of formula (8) (R3=Me, preferably)
and an amine of formula (9) (R4 and R5 as defined in the
general formula (1)), 1n an aprotic solvent such as N-meth-
ylpyrrolidone or dimethylformamide, at a temperature rang-
ing from 90° C. to 130° C. 1n a sealed tube or by microwave.

The compounds according to the invention may be used in
human therapy and more particularly 1n the case of cancer

treatment, more particularly of cancers that are sensitive to
Aurora-2 mhibitors and Cdk2 inhibitors.
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The present invention will be described more completely
with the aid of the examples that follow, which should not be
considered as limiting the mvention.

The DCI spectra were acquired by desorption-chemical
ionization (reactant gas: ammomnia, Finnigan SSQ7000
machine).

The electrospray (ES™) spectra were acquired using a Plat-
form II (Micromass) machine.

LC/MS Analysis
LC/MS Analysis Method (Method Al)

The LC/MS analyses were performed on a Micromass
LCT model machine linked to an HP 1100 machine. The
abundance of the products was measured using an HP
(G1315A diode array detector over a 200-600 nm wavelength
range and a Sedex 65 light-scattering detector. The mass
spectra were acquired over a range from 180 to 800. The data
were analyzed using the Micromass MassLynx software. The
separation was performed on a Hypersil BDS C18 column, 3
um (50x4.6 mm), eluting with a linear gradient of from 5% to
90% of acetonitrile containing 0.05% (v/v) of trifluoroacetic
acid (TFA) in water containing 0.05% (v/v) TFA over 3.5
minutes at a flow rate of 1 ml/minute. The total analysis time,
including the column re-equilibration period, 1s 7 minutes.

LC/MS Analysis Method (Method A2)

The LC/MS analyses were performed on a Micromass
Platform model machine. The abundance of the products was
measured using an HP G1315A diode array detector over a
200-400 nm wavelength range and a Sedex 65 light-scattering
detector. The mass spectra were acquired over a range from
50 to 1500. The data were analyzed using the Micromass
MassLynx software. The separation was performed on an
Xterral 3.5 um (50x2.1 mm) column, eluting with a linear
gradient of from 5% to 95% of acetonitrile 1n water contain-
ing 0.1% (v/v) of formic acid, over 9 minutes at a flow rate of
0.7 ml/minute. The total analysis time, including the column
re-equilibration period, 1s 9 minutes.

Preparative LC/MS Purification (Method B):

The products were purified by LC/MS using a Waters Frac-
tionLynx system composed of a Waters model 600 gradient
pump, a Waters model 515 regeneration pump, a Waters
Reagent Manager dilution pump, a Waters model 2700 auto-
injector, two Rheodyne LabPro model valves, a Waters model
996 diode array detector, a Waters model ZMD mass spec-
trometer and a Gilson model 204 fraction collector. The sys-
tem was controlled by the Waters FractionLynx software. The
separation was performed alternately on two Waters Symme-
try columns (C,5, 5 uM, 19x50 mm, catalog reference
186000210), one column undergoing regeneration with a
95/5 (v/v) water/acetonitrile mixture containing 0.07% (v/v)
tritfluoroacetic acid, while the other column was performing,
separation. The columns were eluted using a linear gradient
of from 5% to 95% of acetonitrile containing 0.07% (v/v) of
trifluoroacetic acid 1 water containing 0.07% (v/v) tritluo-
roacetic acid, at a flow rate of 10 ml/minute. At the separation
column outlet, one-thousandth of the effluent 1s separated by
an LC Packing Accurate, diluted with methyl alcohol, at a
flow rate of 0.5 ml/minute, and sent to the detectors, 1n a
proportion o1 75% to the diode array detector and the remain-
ing 25% to the mass spectrometer. The rest of the effluent
(999/1000) 1s sent to the fraction collector, where the flow 1s
discarded as long as the mass of the expected product has not
been detected by the FractionLynx software. The molecular
formulae of the expected products are supplied to the Frac-
tionLynx software, which initiates the collection of the prod-
uct when the mass signal detected corresponds to the 1on
[M+H]™ and/or to [M+Na]". In certain cases, depending on
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the analytical LC/MS results, when an intense 1on corre-
sponding to [M+2H]™" was detected, the value corresponding
to half the calculated molecular mass (IMW/2) 1s also supplied
to the FractionLynx software. Under these conditions, collec-
tion 1s also imitiated when the mass signal of the 1on
[M+2H]™™ and/or [M+Na+H]™™ 1s detected. The products
were collected 1n tared glass tubes. After collection, the sol-
vents were evaporated off, 1n a Savant AES 2000 or Genevac
HT8 centrifuge evaporator and the product masses were
determined by weighing the tubes after evaporating off the
solvents.

Purification by flash chromatography: The crude products
are purified by flash chromatography on silica of particle size
15-35 um under an argon pressure of 0.5 bar. The fractions
corresponding to the expected product are combined and
concentrated under reduced pressure on a rotary evaporator.

The present invention will be described more fully with the
aid of the examples that follow, which should not be consid-
ered as limiting the invention:

INTERMEDIAT:

L1l

1

Preparation of 2-aminobenzothiazol-6-o0l

G OH

H2N4<\

N

A solution of 2-amino-6-ethoxybenzothiazole (5 g, 25.74
mmol) and of 48% hydrobromic acid in water (130 ml, 1.141
mol) 1n 65 ml of acetic acid 1s distributed 1n ten 20 ml micro-
wave tubes, and then heated at 150° C. by microwave for 200
seconds. The reaction medium 1s concentrated. The residue 1s
taken up 1n 200 ml of water, basified to pH 8 by addition o1 75
ml of saturated NaHCO, solution and extracted with ethyl
acetate, washed with saturated sodium chloride solution,
dried over magnesium sulfate and concentrated to dryness to
give 3.4 g of 2-aminobenzothiazol-6-ol (gray powder).

LC/MS (method Al): [M+H]+=167.00, retention time:
1.07 mun.

INTERMEDIAT:

(Ll

2

Preparation of 4-(6-hydroxybenzothiazol-2-ylcar-
bamoyl)-piperidine-1-carboxylic acid tert-butyl ester

\_/ 0 S
>TC>_ \ HN%\N

A solution of piperidine-1,4-dicarboxylic acid mono-tert-
butyl ester (276 mg, 1.203 mmol), of HATU (349 mg, 1.444
mmol) and of diisopropylethylamine (187 mg, 1.44 mmol) in
3 ml of DMF 1s stirred at room temperature for 15 minutes.
The 2-aminobenzothiazol-6-o0l (intermediate 1) (200 mg,
1.203 mmol) dissolved 1n 3 ml of DMF 1s added 1n a single
portion. The reaction medium 1s stirred at room temperature
for 2 hours, poured 1to a 10% solution of Na,CO, in water
(20 ml) and extracted with ethyl acetate. The crude reaction

OH
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product 1s purified by column chromatography (eluent:
EtOAc/heptane (1/1)) to give 401 mg of 4-(6-hydroxyben-
zothiazol-2-ylcarbamoyl)-piperidine-1-carboxylic acid tert-
butyl ester (white solid).

LC/MS (method A2): |
minutes.

IM+H|+=378.0, retention time: 3.9

INTERMEDIATE 3

Preparation of 4-]6-(4-fluorobenzenesulionyloxy)
benzothiazol-2-ylcarbamoyl|piperidine-1-carboxylic
acid tert-butyl ester

NASASe e

A solution of 4-(6-hydroxybenzothiazol-2-ylcarbamoyl)
piperidine-1-carboxylic acid tert-butyl ester (intermediate 2)
(454 mg, 1.20 mmol), of 4-fluoro-benzenesulionyl chloride
(234 mg, 1.20 mmol) and of triethylamine (320 ul) in 10 ml of
acetone 1s stirred at room temperature for 1 hour. The triethy-
lamine hydrochloride 1s filtered off and the filtrate 1s evapo-
rated. The crude reaction product 1s purified by column chro-
matography (eluent: EtOAc/heptane (7/3)) to give 400 mg of
4-fluorobenzenesulionic 2-[(piperidine-4-carbonyl)amino]-
benzothiazol-6-yl ester (white solid).

LC/MS (method A2): [M+H]+=535.9, retention time: 4.9
minutes.

INTERMEDIATE 4

Preparation of 4-fluorobenzenesulionic
2-[ (piperidine-4-carbonyl Jamino |benzothiazol-6-yl
ester

/\‘/F
U /\/
//\\

N 4<\N

A solution of 4-[6-(4-fluorobenzenesulionyloxy)ben-
zothiazol-2-ylcarbamoyl]-piperidine-1-carboxylic acid tert-
butyl ester (intermediate 3) (100 mg, 0.187 mmol) and of TFA
(0.5 ml) 1n dichloromethane (4.5 ml) 1s stirred at room tem-
perature for 1 hour. The reaction medium 1s evaporated to
dryness. The residue 1s taken up 1n a minimum amount of
water, neutralized by addition of aqueous 10% Na,CO; solu-
tion and extracted with ethyl acetate to give 55 mg of 4-fluo-
robenzenesulfonic 2-[(piperidine-4-carbonyl)amino |benzo-
thiazol-6-yl ester (white solid).

LC/MS (method A2): [M+H]+=435.9, retention time: 3.0
minutes.
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EXAMPLE 5

Preparation of 4-(2-hydroxy-2-methylpropylamino)
benzene-sulfonic acid 2-[(piperidine-4-carbonyl)
amino |benzothiazol-6-yl ester

A solution of 4-fluorobenzenesulionic 2-[(piperidine-4-
carbonyl)amino]benzo-thiazol-6-yl ester (intermediate 4)
(50 mg, 0.114 mmol) and of 4-(4-pyrid-3-yl-imidazol-1-yl)
butylamine (40.93 mg, 0.459 mmol) 1 0.5 ml of NMP 1s
heated at 130° C. by microwave for 5 minutes. The crude
reaction product 1s purified by preparative LC/MS (basic
medium (pH 9)) to give after freeze-drying 21 mg of 4-(2-
hydroxy-2-methylpropylamino)benzenesulfonic  2-(cyclo-
propanecarbonylamino)benzothiazol-6-yl ester (pale yellow
solid).

LC/MS (method A2): [M+H]+=505.2, retention time: 2.70
minutes.

INTERMEDIAT

L1
-y

Preparation of cyclopropanecarboxylic acid
(6-hydroxybenzo-thiazol-2-yl)amide

AR OH

S A
A

A solution of 2-aminobenzothiazol-6-o0l (intermediate 1)
(850 mg, 4.6 mmol), cyclopropanecarboxylic acid (1.564 g,
18.1 mmol), N,N-diuisopropylethylamine (3.6 ml, 24.4 mmol)
and HBTU (4.1 g, 5.53 mmol) 1n 40 ml of dimethyl-forma-
mide, 1n a 100 ml round-bottomed flask equipped with a
magnetic bar, 1s stirred at room temperature for 16 hours. 150
ml of water are added to the reaction medium, the mixture 1s
extracted with ethyl acetate and the extracts are washed with
saturated sodium chloride solution, dried over magnesium
sulfate and concentrated to dryness. The residue obtained 1s
washed with ethyl acetate to give 893 mg of cyclopropanecar-
boxylic acid 2-(cyclo-propanecarbonylamino)benzothiazol-
6-yl ester. LC/MS: [M+H]+=303.18, retention time=3.53
min. A solution of lithium hydroxide monohydrate (200 mg,
4.768 mmol) 1n 50 ml of methanol and 5 ml of water 1s added
to this product. The reaction medium is refluxed with stirring
for 1 hour. The reaction medium 1s concentrated, acidified to
pH 1 with 2N hydrochloric acid solution, diluted with 100 ml
of water and extracted with ethyl acetate. The organic phase is
washed with water and then with saturated sodium chloride
solution and evaporated to dryness to give 500 mg of cyclo-
propanecarboxylic acid (6-hydroxybenzothiazol-2-yl)amide
in a yield of 72% (beige-colored powder).
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NMR: 1H NMR spectrum (400 MHz)—0 1n ppm—in
DMSQO-d6: from 0.90 to 1.00 (unresolved complex, 4H); 1.98
(unresolved complex, 1H); 6.88 (dd, J=8.5 and 3.0 Hz, 1H);
7.27 (d, J=3.0Hz, 1H); 7.54 (d, J=8.5 Hz, 1H); 9.51 (broad s,
1H); 12.4 (broad s, 1H).

EXAMPLE 7

Preparation of 4-tfluorobenzenesulfonic acid
2-(cyclopropane-carbonylamino)benzothiazol-6-yl
ester

O Q \ ¢
E%\N \ P

A solution of cyclopropanecarboxylic acid (6-hydroxy-
benzothiazol-2-yl)amide (intermediate 6) (1.81 g, 7.72
mmol), 4-fluorobenzenesulionyl chloride (1.5 g, 7.72 mmol)
and triethylamine (2.14 ml, 15.45 mmol) 1n 43 ml of acetone,
in a 100 ml round-bottomed flask equipped with a magnetic
bar, 1s stirred for 1 hour at room temperature. The precipitate
obtained 1s filtered off and the filtrate 1s evaporated. The
residue 1s washed with acetone and ethyl ether, to give 1.92 ¢
of 4-fluorobenzenesulionic acid 2-(cyclopropanecarbony-
lamino)-benzothiazol-6-yl ester (off-white powder) 1n a yield
ol 66%.

Mass: IE: m/z 392 [M™], m/z 324: [M™.]-COC,H., m/z
233: [M™]-SO,PhF, m/z 165: 324-SO,PhF, m/z 69 (base
peak): [COC;H:]". 1H NMR spectrum (300 MHz)—9 in
ppm—1in DMSO-d6: from 0.92 to 1.03 (unresolved complex,
4H); 2.02 (unresolved complex, 1H); 7.04 (dd, J=8.5 and 2.5
Hz, 1H); 7.54 (unresolved complex, 2H); 7.70 (d, J=8.5 Hz,
1H); 7.80 (d, J=2.5 Hz, 1H); 7.97 (unresolved complex, 2H);
12.75 (broad s, 1H).

EXAMPLE 8

Preparation of 4-cyclopentylaminobenzenesulionic
2-(cyclo-propanecarbonylamino)benzothiazol-6-yl
ester

O// \\O

A solution of 4-fluorobenzenesulionic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 7) (50
mg, 127.4 umol) and cyclopentylamine (51 ul, 0.51 mmol) in
0.5 ml of NMP 1s heated at 150° C. by microwave for 5
minutes. The crude reaction product s purified by preparative
LC/MS (basic medium (pH 9)) to give after freeze-drying 38
mg of 4-cyclopentylamino-benzenesulionic 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester (white solid).

LC/MS (method A2): [M+H]+=458.0, retention time: 4.39
minutes.
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EXAMPL,

(L]
\O

Preparation of 4-(3-imidazol-1-ylpropylamino )ben-
zenesulfonic 2-(cyclopropanecarbonylamino)ben-
zothiazol-6-yl ester

A solution of 4-fluorobenzenesulionic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 7) (100
mg, 0.255 mmol) and 3-1tmidazol-1-yl-propylamine (123 ul,
1.019 mmol) 1n 2 ml of NMP 1is heated at 150° C. by micro-
wave for 5 minutes. The crude reaction product 1s purified by
preparative LC/MS (basic medium (pH 9)) to give after
freeze-drying 63 mg of 4-(3-1midazol-1-ylpropylamino)ben-
zenesulfonic 2-(cyclopropanecarbonylamino)benzothiazol-
6-yl ester (white solid).

LC/MS (method A2): [M+H]+=

EXAMPL.

(L]

10

Preparation of 4-methylaminobenzenesulionic
2-(cyclopropane-carbonylamino )benzothiazol-6-yl

ester
AN
O
[>—< S NN
] I\
N P

A solution of 4-fluorobenzenesulionic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 7) (25
mg, 63.71 umol) and methylamine (2N 1n MeOH, 200 ul) in
300 ul of NMP 1s heated at 150° C. by microwave for 3
minutes. The crude reaction product 1s purified by preparative
LC/MS (basic medium (pH 9)) to give after freeze-drying 6.7
mg of 4-methylaminobenzene-sulifonic 2-(cyclopropanecar-
bonylamino)benzothiazol-6-yl ester (beige-colored solid).

LC/MS (method A2): [M+H][+=404.1, retention time: 3.83
minutes.
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EXAMPLE 11

Preparation of 4-(2-hydroxy-2-methylpropylamino)
benzene-sulfonic 2-(cyclopropanecarbonylamino)
benzothiazol-6-yl ester

X

A
O O

A solution of 4-fluorobenzenesulionic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 7) (100
mg, 255 umol) and 1-amino-2-methyl-propan-2-ol (91 mg,
1.02 mmol)in 2 ml of NMP 1s heated at 150° C. by microwave
for 5 minutes. The crude reaction product 1s purified by pre-
parative LC/MS (basic medium (pH 9)) to give alter freeze-
drying 61 mg of 4-(2-hydroxy-2-methylpropylamino )benze-
nesulfonic 2-(cyclopropanecarbonyl-amino )benzothiazol-6-
yl ester (beige-colored solid).

LC/MS (method A2): [M+H]+=462.1, retention time: 3.83

minutes.

EXAMPLE 12

Preparation of
4-(2-duiisopropylaminoethylamino )benzenesulfonic
2-(cyclopropanecarbonylamino )benzothiazol-6-yl
ester

#Q\

A solution of 4-fluorobenzenesulionic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 7) (100
mg, 255 umol) and N,N-diisopropyl-ethane-1,2-diamine
(147 mg, 1.02 mmol) 1n 2 ml of NMP is heated at 110° C. by
microwave for 10 minutes. The crude reaction product 1s
purified by preparative LC/MS (basic medium (pH 9)) to give
alter freeze-drying 66 mg of 4-(2-hydroxy-2-methylpropy-
lamino)benzenesulionic  2-(cyclopropanecarbonyl-amino)
benzothiazol-6-yl ester (beige-colored solid).

LC/MS (method A2): [M+H]+=517.1, retention time: 2.93
minutes.

EXAMPLE 13

Preparation of 4-[4-(4-pynid-3-ylimidazol-1-yl)buty-
lamino]-benzenesulionic 2-(cyclopropanecarbony-
lamino )benzothiazol-6-yl ester

i F ‘/N\/\/\N/\N
N 7\
—<\NJ\/ I\ / N\
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A solution of 4-fluorobenzenesulifonic 2-(cyclopropan-
ecarbonylamino )benzo-thiazol-6-yl ester (example 7) (50
mg, 127.4 umol) and 4-(4-pynd-3-ylimidazol-1-yl)buty-
lamine (110.2 mg, 0.51 mmol) 1n 0.5 ml of NMP 1s heated at

150° C. by microwave for 8 minutes. The crude reaction
product 1s purified by preparative LC/MS (basic medium (pH
9)) to give after freeze-drying 36 mg of 4-(2-hydroxy-2-
methylpropylamino )benzenesulionic  2-(cyclo-propanecar-
bonylamino)benzothiazol-6-yl ester (beige-colored solid).

LC/MS (method A2): [M+H]+=589.0, retention time: 3.14
minutes.

INTERMEDIATE 14

il

Preparation of

(6-hydroxybenzothiazol-2-yl)carbamic acid
tert-butyl ester

A<

O

O S \
av5e

A solution of 2-aminobenzothiazol-6-o0l (intermediate 1)
(1.91 g, 11.49 mmol), di-tert-butyl dicarbonate (7.52 g, 34.47
mmol), triethylamine (4.9 ml, 34.47 mmol) and 4-dimethy-

OH

laminopyridine (168 mg, 1.38 mmol) m 50 ml of dichlo-
romethane, 1n a 100 ml round-bottomed flask equipped with
a magnetic bar, 1s stirred overnight at room temperature. The
reaction medium 1s evaporated to dryness and the residue
obtained 1s washed with dichloromethane and ethyl ether to

give 4.2 g of carbonic acid 2-tert-butoxy-carbonylaminoben-
zothiazol-6-yl ester tert-butyl ester 1n quantitative yield.

LC/MS: [M+H]+:311.16, retention time: 5.27 min.

A solution of sodium hydroxide (920 mg, 22.8 mmol) 1n
110 ml of methanol 1s added to this product. The reaction
medium 1s stirred for 2 hours at room temperature by ultra-

sonication and then acidified to pH 4 with 2N hydrochloric
acid solution.

The reaction medium 1s evaporated to dryness and the
residue obtained 1s washed with dichloromethane and ethyl
cther to give 2.35 g of (6-hydroxy-benzothiazol-2-yl)car-

bamic acid tert-butyl ester (beige-colored powder) 1n a yield
of 77%.

Mass: IE: m/z 266 [M*7], m/z 166 (base peak): [M*™]—
CO,tBu

IR:KBr

3422; 3263; 3091; 2981; 1725; 1608; 1562; 1468; 1278;
1245; 1154; 1049; 862 and 852 cm™*

1H NMR spectrum (300 MHz)—0 in ppm—in DMSO-d6:
1.52 (s, 9H); 6.85 (dd, J=9.0 and 3.0 Hz, 1H); 7.24 (d, J=3.0
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Hz, 1H); 7.49 (d, J=9.0 Hz, 1H); 9.44 (broad unresolved

complex, 1H); 11.5 (broad unresolved complex, 1H).

INTERMEDIATE 15

Preparation of 4-fluorobenzenesulfonic acid
2-tert-butoxy-carbonylaminobenzothiazol-6-yl ester

< e
O O ‘
O:< S O\\SS N
— I

A solution of (6-hydroxybenzothiazol-2-yl)carbamic acid
tert-butyl ester (intermediate 14) (3.61 g, 13.08 mmol),
4-fluorobenzenesulionyl chloride (2.56 g, 13.08 mmol) and

triethylamine (3.63 ml, 26.16 mmol) 1n 65 ml of acetone, 1n a
100 ml round-bottomed flask equipped with a magnetic bar, 1s
stirred overnight at room temperature. The precipitate
obtained 1s filtered off and the filtrate 1s evaporated to dryness.
The dry residue 1s washed with ethyl acetate to give 5.02 g of
4-fluorobenzenesulionic acid 2-tert-butoxycarbonyl-ami-
nobenzothiazol-6-yl1 ester (white powder) 1n a vield of 62%.

1H NMR spectrum (400 MHz)—0 1n ppm—1in DMSO-d6:
1.53 (s, 9H); 7.02 (dd, J=9.0 and 2.5 Hz, 1H); 7.55 (t, J=9.0
Hz, 2H); 7.65 (d, J=9.0 Hz, 1H); 7.78 (d, J=2.5 Hz, 1H); 7.98
(dd, J=5.0 and 9.0 Hz, 2H); 11.9 (broad s, 1H).

INTERMEDIATE 16

Preparation of 4-fluorobenzenesulfonic acid
2-aminobenzo-thiazol-6-yl ester

P ave
N O"\\\S/\/

A solution of 4-tfluorobenzenesulionic acid 2-tert-butoxy-

carbonylaminobenzo-thiazol-6-yl ester (intermediate 15)
(1.7 g, 3.60 mmol), 10 ml of trifluoroacetic acid (130 mmol)
in 10 ml of dichloromethane, and 1 ml of water, 1n a 100 ml
round-bottomed flask equipped with a magnetic bar, 1s stirred
for 2 hours at room temperature. The reaction medium 1s
evaporated to dryness and the residue obtained 1s washed with
cthyl ether to give 1.31 g of 4-fluoro-benzenesulionic acid
2-aminobenzothiazol-6-y1 ester 1n the form of the trifluoro-
acetic acid salt (white powder) 1n a yield of 83%.

LC/MS (method Al): [M+H]+:325.13, retention time:
3.12 min.
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INTERMEDIATE 17

Preparation of 4-{[6-(4-fluorobenzenesulfonyloxy)
benzo-thiazol-2-ylcarbamoyl]methyl } piperidine-1-

carboxylic acid tert-butyl ester
O
—
N

A solution of 4-fluorobenzenesulionic acid 2-aminoben-
zothiazol-6-yl ester (intermediate 16) (380 mg, 1.32 mmol),
4-carboxymethylpiperidine-1-car-boxylic acid tert-butyl
ester (640 mg, 2.63 mmol), HBTU (1.1 g, 2.9 mmol), and
N,N-dusopropylamine (1.2 ml, 6.89 mmol) mn 12 ml of dim-
cthylformamide, 1n a test tube equipped with a magnetic bar,
1s stirred for 3 days at room temperature. 200 ml of water are
added to the reaction medium and the mixture 1s extracted
with ethyl acetate. The organic phase 1s then washed with
water and with saturated sodium chloride solution, and then
dried over magnesium sulfate and evaporated. The residue
obtained 1s taken up 1n ethyl acetate and purified on a Varian
flash cartridge containing 50 g of silica of porosity 15-35u,
with a gradient of from 5% to 30% of ethyl acetate in cyclo-
hexane, over 100 minutes. After evaporating oif the solvent,
700 mg of 4-{[6-(4-fluorobenzenesulfonyloxy)benzothiazol-
2-ylcarbamoyl]methyl }piperidine-1-carboxylic acid tert-bu-
tyl ester are obtained (yellow o1l) 1n a vield of 96%.

LC/MS (method Al): [M+H]+:550.11, retention time:
4.14 min.

EXAMPL.

(Ll

18

Preparation of 4-(2-1sopropylaminoethylamino )ben-
zenesultonic acid 2-(2-piperid-4-ylacetylamino )ben-
zothiazol-6-yl ester hydrochloride

HCI

N o/
s A
E’&N
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1st step: A solution of 4-{[ 6-(4-fluorobenzenesulfonyloxy)
benzothiazol-2-yl-carbamoyl|methyl } piperidine-1-carboxy-
lic acid tert-butyl ester (intermediate 1s 17) (174 mg, 0.318
mmol), N-1sopropylethylenediamine (97 mg, 0.954 mmol)
and cesium carbonate (103 mg, 0.318 mmol) 1n 3 ml of
dimethyl sulfoxide, 1n a test tube equipped with a magnetic
bar, 1s stirred overnight at 90° C. 100 ml of water are added to
the reaction medium and the mixture 1s extracted with ethyl
acetate. The organic phase 1s then washed with water and with
saturated sodium chloride solution, and then dried over mag-
nesium sulfate and evaporated to give 103 mg of 4-({6-[4-(3-
imidazol-1-ylpropylamino )-benzenesulionyloxy]benzothia-
zol-2-ylcarbamoyl }methyl)piperidine-1-carboxylic acid
tert-butyl ester (white powder) 1n a yield of 50%.

2nd step: A solution of 103 mg of 4-({6-[4-(3-imidazol-1-
ylpropylamino)-benzenesulfonyloxy |benzothiazol-2-
ylcarbamoyl } methyl)piperidine-1-carboxylic acid tert-butyl
ester, 2 ml of dioxane and 2 ml of 4N hydrochloric acid 1n
dioxane 1s stirred for 3 hours at room temperature. The pre-
cipitate obtained 1s filtered off and washed with dioxane and
cthyl ether to give 110 mg of 4-(2-1sopropylaminoethy-
lamino )benzenesulionic acid 2-(2-piperid-4-ylacetylamino)
benzothiazol-6-yl ester hydrochloride (white powder) 1n a
yield of 88%.

Mass: LCMS: m/z 532 [M+H]", m/z 407 (base peak):
[IM+H]"—C.H, ,NCH,CO
IR:KBr

3432: 2960; 2793; 2464; 2598; 1560; 1470; 1364; 1162;
1120; 1093: 915; 853 and 753 cm™*

1H NMR spectrum (400 MHz)—0 1n ppm—1in DMSO-d6:
1.28 (d, J=7.0 Hz, 6H); 1.48 (m, 2H); 1.83 (broad d, J=12.5
Hz, 2H); 2.12 (unresolved complex, 1H); 2.52 (masked, 2H);
2.92 (m, 2H); 3.10 (unresolved complex, 2H); 3.28 (broad d,
I=12.5 Hz, 2H); 3.36 (mt, J=7.0 Hz, 1H); 3.50 (t, J=6.0 Hz,
2H); 6.78 (broad d, J=9.0 Hz, 2H); 7.03 (dd, J=8.5 and 2.5 Hz,
1H); 7.30 (broad unresolved complex, 1H); 7.56 (broad d,
J=9.0Hz, 2H);7.71 (d, J=8.5Hz, 1H);7.78 (d, J=2.5 Hz, 1H);
8.58 (broad unresolved complex, 1H); 8.81 (broad unre-

solved complex, 1H); 9.00 (broad unresolved complex, 2H);
12.5 (broad s, 1H).

EXAMPLE 19

Using the same method as in example 18, the following

examples are prepared using 4-{[6-(4-fluorobenzenesulfony -
loxy)benzothiazol-2-ylcarbamoyl|methyl } piperidine-1-car-

boxvylic acid tert-butyl ester as precursor (intermediate 17)
combined with various amines. In the following examples,
the compound obtained after the first step 1s purified on a flash
cartridge of 5 g of Interchim silica (15-35u), with a gradient of
from 5% to 10% methanol in dichloromethane, with a flow

rate ol 10 ml/minute. These examples are given 1n the follow-

ing table:



Example

No.

19 a

19 b

amine

9
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compound

4-(3-Imidazol-1-ylpropyl-
amino)benzenesulfonic acid
2-(2-piperid-4-ylacetyl-
amino)benzothiazol-6-yl
ester hydrochloride;

4-(2-Ethylaminoethyl-
amino)benzenesulfonic acid
2-(2-piperid-4-ylacetyl-
amino)benzothiazol-6-yl
ester hydrochloride

22

characterization

IR: KBr
34206; 2957; 2717; 2462; 1597; 1545; 1451;
1364; 1199; 1161; 1092; 872; 750 and 586

cm_l

Mass: LCMS: m/z 555 [M + H]", m/z 430
(base peak): [M + H|" - CsH,;(NCH-,CO
1H NMR spectrum (400 MHz) - 6 6 in ppm -
in DMSO-d6:

1.48(m, 2H); 1.84(broad d, J=12.5Hz,
2H); 2.12(unresolved complex, 3H); 2.52
(masked, 2H); 2.91(m, 2H); 3.13(t, J=6.5
Hz, 2H); 2.28(broad d, J=12.5Hz, 2H);
4.33(t, J=6.5Hz, 2H); 6.70(broad d,
J=9.0Hz, 2H); 7.02(dd, ]=9.0 and 3.0

Hz, 1H); 7.20(very broad unresolved
complex, 1H); 7.51(broad d, J=9.0Hz,
2H); 7.71(d, J=9.0Hz, 1H); 7.73(broad s,
1H); 7.78(d, J=3.0Hz, 1H); 7.87(broad s,
1H); 8.70(broad unresolved complex, 1H);
8.91(broad unresolved complex, 1H); 9.24
(broad s, 1H) ; 12.5(broad s, 1H); 14, 55
(very broad unresolved complex, 1H).

IR: KBr

3425; 2956; 2717; 2462; 1597; 1558; 1469;
1364; 1162; 1119; 1094; 872; 744 and
584 cm™

Mass: LCMS: m/z 518 [M + H]", m/z 393
(base peak): [M + H|" - CsH,;,(NCH-,CO
1H NMR spectrum (400 MHz) - 0 in ppm -
in DMSO-d6:

1.25(t, JI=7.0Hz, 3H); 1.47(m, 2H); 1.85
(broad d, J=12.5Hz, 2H); 2.12

(unresolved complex, 1H); 2.52(masked,
2H); 2.91(m, 2H); 3.02(q, J=7.0Hz, 2H);
3.10(unresolved complex, 2H); 3.28(d,
I=12.5Hz, 2H); 3.48(t, J=6.0Hz, 2H);
6.78(broad d, J=9.0Hz, 2H); 7.02(dd,
J=8.5 and 2.5Hz, 1H); 7.30(very broad
unresolved complex, 1H); 7.45(broad d,
J=9.0Hz, 2H); 7.71(d, J=8.5Hz, 1H);
7.78(d, J=2.5Hz, 1H); 8.62(broad
unresolved complex, 1H); 8.86(broad
unresolved complex, 1H); 9.04(unresolved
complex, 2H); 12.45(broad s, 1H).



Example
No.

19 ¢
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-continued

amine compound

N 4-[2-(2-Hydroxyethyl-
O amuno)ethylamino |benzene-
sulfonic acid 2-(2-piperid-

e

19d

4-ylacetylamino )benzo-

thiazol-6-yl ester hydro-
chloride

O 4-(2-Hydroxy-2-methyl-
propylamino)benzene-
sulfonic acid 2-(2-piperid-
4-ylacetylamino )benzo-

N thiazol-6-yl ester hydro-
chloride

INTERMEDIATE 20

characterization

IR: KBr
3435; 2949; 2790; 2462; 1598; 1561; 1470;
1363; 1161; 1093; 854; 751 and 590 cm™*
Mass: LCMS: m/z 534 [M + H|*, m/z 409
(base peak): [M + H]" - CsH,([NCH-,CO
1H NMR spectrum (400 MHz) - 0 in ppm -
in DMSO-d6:

1.46(m, 2H); 1.85(broad d, J=12.5Hz,

2H); 2.12(unresolved complex, 1H); 2.52
(masked, 2H); 2.92(m, 2H); 3.08
(unresolved complex, 2H); 3.13(unresolved
complex, 2H); 3.28(broad d, J=12.5Hz,
2H); 3.45(masked, 2H); 3.71(t, J=5.5Hz,
2H); 6.77(broad d, J=9.0Hz, 2H); 7.03

(dd, J=8.5 and 2.5Hz, 1H); 7.18(broad
unresolved complex, 1H); 7.55(broad d,
J=9.0Hz, 2H); 7.72(d, J=8.5Hz, 1H);
7.79(d, I=2.5Hz, 1H); 8.51(broad
unresolved complex, 1H); 8.75(broad
unresolved complex, 1H); 8.87(broad

unresolved complex, 2H); 12.5(broad s,
1H).

LCMS: [M + H]" = 519.08,

retention time: 2.66 min

IR: KBr

3415; 2971; 1597; 1563; 1470; 1365; 1161;
1094; 915; 854; 746 and 586 cm™*

1H NMR spectrum (400 MHz) - 0 in ppm -
DMSO-d6:

1.18(s, 6H); 1.45(m, 2H); 1.85(broad d,
I=12.5Hz, 2H); 2.13(unresolved

complex, 1H); 2.52(masked, 2H); 2.92(m,
2H); 3.06(s, 2H); 3.28(broad d, J=12.5

Hz, 2H); 6.78(broad d, ]=9.0Hz, 2H);

from 6.50 to 7.00(broad unresolved
complex, 1H); 7.02(dd, J=9.0 and 2.5Hz,
1H); 7.45(broad d, J=9.0Hz, 2H); 7.70(d,
I=9.0Hz, 1H); 7.75(d, I=2.5Hz, 1H);
8.51(broad unresolved complex, 1H); 8.78

(broad unresolved complex, 1H); 12.5
(broad s, 1H).

45

Preparation of 4-fluorobenzenesulfonic acid 2-(8-
tert-butoxy-carbonylaminooctanoylamino )benzothia-

O

)

O

70l-6-y1 ester

N\

\

\ :

:
)
\O
7
\\C’

{
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According to the method of intermediate 17, 4-fluoroben-
zenesulfonic acid 2-(8-tert-butoxycarbonylaminooctanoy-

lamino )benzothiazol-6-yl ester 1s pre-pared by combining
4-fluorobenzenesulionic acid 2-aminobenzothiazol-6-yl

ester (intermediate 16) with Boc-8-aminocaprylic acid.

LC/MS (method Al): [M+H]+:566.01, retention time:
4.21 min.

EXAMPL.

(L]

21

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid 2-(8-aminooctanoylamino )benzothiazol-6-yl

26
Mass: EI: m/z 406: [M™"]—C H, O, m/z 335: [M™]—
C,H,,N,m/z 72 C,H, N (base peak).
Cl: m/z 348 [M+H]" (base peak), m/z 407: [M+H]™—
C.H, NO IR:KBr

3426, 2923; 2448; 1717; 1597; 1563; 1472; 1371; 1165;
1092; 911; 857; 755; 574 and 548 cm™"

1H NMR spectrum (400 MHz)—0 1n ppm—1in DMSO-d6:
1.30 (t, J=7.0 Hz, 6H); 1.33 (unresolved complex, 6H); 1.58
(unresolved complex, 2H); 1.67 (unresolved complex, 2H);
2.52 (masked, 2H); 2.79 (unresolved complex, 2H); 3.01
(unresolved complex, 2H); 3.36 (mt, J=7.0 Hz, 1H); 3.48

(unresolved complex, 2H); 6.78 (broad d, J=9.0 Hz, 2H); 7.02
(dd, J=8.5 and 2.5 Hz, 1H); 7.30 (unresolved complex, 1H);

ester hydrochlornde 7.56 (broad d, I=9.0 Hz, 2H); 7.70 (d, J=8.5 Hz, 1H); 7.77 (d,
o~
‘/\/ \/\N
O\S/\/
O// \\O
HCI O N\
)—S
N

According to the method of example 18, 4-(2-1sopropy-
laminoethylamino)-benzenesulionic
tanoylamino )benzothiazol-6-yl ester hydro-chloride 1s pre-
pared by combining 4-fluorobenzenesulfonic acid 2-(8-tert-
butoxycarbonylaminooctanoylamino)benzothiazol-6-yl
ester (intermediate 20) with N-isopropylethylenediamine.

The compound obtained from the first step, (4-(2-1sopropy- 40

laminoethylamino)benzenesulfonic acid 2-(8-tert-butoxy-
carbonylaminooctanoylamino )benzothiazol-6-yl  ester, 1s
purified on silica with a gradient of from 4% to 15% of
methanol 1n dichloromethane.

Example
No. amine
22 a N}
)N
/
N

acid  2-(8-aminooc- s

J1=2.5 Hz, 1H); 7.82 (broad unresolved complex, 3H); 9.00
(broad unresolved complex, 2H); 12.45 (broad s, 1H).

EXAMPLE 22

Using the same method as in example 21, the following
examples are prepared using 4-fluorobenzenesulfonic acid

2-(8-tert-butoxy-carbonylaminooctanoylamino )benzothia-
zol-6-y1 ester (intermediate 20) as precursor combined with

various amines. These examples are presented 1n the follow-
ing table:

compound

4-(3-1midazol-1-ylpropyl-
amino)benzenesulfonic acid
2-(8-aminooctanoylamino)-
benzothiazol-6-yl ester
hydrochloride

characterization

1H NMR spectrum (300 MHz) - 0 in ppm - in
DMSO-d6:

1.31(unresolved complex, 6H); from 1.49 to
1.68 (unresolved complex, 4H); 2.11(mt,
J=7.0Hz, 2H); 2.52(masked, 2H); 2.75
(unresolved complex, 2H); 3.11(t, J=7.0Hz,
2H); 4.32(t, J=7.0Hz, 2H); 6.68(broad d,
J=9.0Hz, 2H); 6.97(dd, J=9.0 and 2.5Hz,
1H); 7.20(very broad unresolved complex,
1H); 7.50(broad d, J=9.0Hz, 2H); 7.67(d,
J=9.0Hz, 1H); 7.72(t, ]I=2Hz, 1H); 7.74(d,
J=2.5Hz, 1H); 7.85(t, ]I=2Hz, 1H); 7.89
(broad unresolved complex, 3H); 9.24(t,
I=2Hz, 1H); 12.45(broad s, 1H); 14.6(broad
unresolved complex, 1H).
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-continued

Example
No. amine compound characterization

22b N\/ 4-(2-ethylaminoethyl- IR: KBr

amino)benzene sulfonic 3421; 2931; 2457; 1717; 1596; 1563; 1472;

acid 2-(8-aminooctanoyl- 1370; 1357, 1199; 1163; 1093; 911; 857; 756;

amino)benzothiazol- 677; 611; 574 and 547 cm™!

N 6-vl ester Mass: CI: m/z 534 [M + H]" (base peak).

1H NMR spectrum (400 MHZ) - 0 in ppm - in
DMSO-d6:
1.22(t, J=7.0Hz, 3H); 1.32(unresolved
complex, 6H); 1.56{(unresolved complex, 2H);
1.64(unresolved complex, 2H); 2.52(masked,
2H); 2.79(unresolved complex, 2H); 3.01
(unresolved complex, 2H); 3.10(unresolved

complex, 2H); 3.45(unresolved complex, 2H);
6.73(broad d, J=9.0Hz, 2H); 7.02(dd,

J=8.5 and 3.0Hz, 1H); 7.22(broad
unresolved complex, 1H); 7.55(broad d,
J=9.0Hz, 2H); 7.67(d, J=8.5Hz, 1H); 7.78
(d, JI=3.0Hz, 1H); 7.82(broad unresolved
complex, 3H); 8.92(broad unresolved
complex, 2H), 12.4(broad s, 1H).

22 ¢ N 4-[2-(2-hydroxyethyl- IR: KBr
-~ \/\O amino)ethylamino|benzene- 3444; 2926; 2627; 2416; 1715; 1597;
sulfonic acid 2-(8-amino- 1563; 1473; 1370; 1196; 1165; 1148;
A octanoylamino)benzo- 1092; 911; 858; 849; 757; 612; 574
N thiazol-6-yl ester hydro- and 549 cm™
chloride Mass: CI: m/z 550 [M + H]", m/z 409: [M -
CO(CH,)-NH, + HJH" (base peak).
1H NMR spectrum (300 MHz ) - 0 in ppm - in
DMSO-d6:
1.28(unresolved complex, 6H); from 1.43 to
1.67(unresolved complex, 4H); 2.52(masked,
2H); 2.73(unresolved complex, 2H); from 3.00
to 3.15(unresolved complex, 4H); 3.45
(unresolved complex, 2H); 3.67(unresolved
complex, 2H); 6.72(broad d, J=9.0Hz, 2H);
6.98(broad d, J=9.0Hz, 1H); 7.20(broad
unresolved complex, 1H); 7.52(broad d,
I=9.0Hz, 2H); 7.65(d, J=9.0Hz, 1H); 7.72
(broad, s, 1H); 7.82(broad unresolved

complex, 3H); 8.92(broad unresolved
complex, 2H); 12.4(broad s, 1H).

22d O 4-(2-Hydroxy-2-methyl- Mass: LCMS: m/z 535 [M + H]" (base peak),

propylamino)benzene- m/z 463: [M + H]" - C,;H,O

sulfonic acid 2-(8-amino- CIl: m/z 535 [M + H]" (base peak).

octanoylamino)benzo- 1H NMR spectrum (300 MHz) - 0 in ppm - in

N thiazol-6-yl ester hydro- DMSO-d6:

chloride 1.14(s, 6H); 1.29(unresolved complex, 6H);
1.53(unresolved complex, 2H); 1.63
(unresolved complex, 2H); 2.52(masked, 2H);
2.75(unresolved complex, 2H); 3.03(s, 2H);
6.75(broad d, J=9.0Hz, 2H); 6.97(dd,
J=9.0 and 2.5Hz, 1H); 7.42(broad d, J=9.0
Hz, 2H); 7.65(d, ]=9.0Hz, 1H); 7.70(d,
I=2.5Hz, 1H); 7.78(broad unresolved
complex, 3H); 12.4(broad s, 1H).

55

INTERMEDIATE 23 According to the method for intermediate 17, 4-{2-[6-(4-
Preparation of 4-{2-[6-(4-fluorobenzenesulfonyloxy)

benzo-thiazol-2-ylcarbamoyl]ethyl }piperidine-1- fluorobenzene-sulfonyloxy)benzothiazol-2-ylcarbamoyl]
carboxylic acid tert-butyl ester

60 ethyl}piperidine-1-carboxylic acid tert-butyl ester is pre-

O N pared by combining 4-tfluorobenzenesulionic acid 2-amino-
O
YNO/\/(N’(S ka ' benzothiazol-6-yl ester (intermediate 16) with N-Boc-4-

O:"-'-'-
><O o 65 piperidinepropionic acid. LC/MS (method Al): [M+H]+:

564.16, retention time: 4.24 min.
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EXAMPLE

24

4-(2-Isopropylaminoethylamino)benzenesulionic
acid 2-(3-piperid-4-ylpropionylamino)benzothiazol-
6-yl ester hydrochloride

HN/ O
\

O
N
U
HCI

According to the method of example 18, 4-(2-1sopropy-
laminoethylamino)-benzenesulionic acid 2-(3-piperid-4-yl-
propionylamino)benzothiazol-6-yl ester hydrochloride 1s
prepared by combining 4-{2-[6-(4-fluorobenzenesulfony-
loxy)-benzothiazol-2-ylcarbamoyl]ethyl } piperidine-1-car-
boxylic acid tert-butyl ester (intermediate 23) with N,N-di-
1sopropylamine. The compound obtained from the first step
(4-(2-16-[4-(2-isopropylaminoethylamino)benzenesulfony-
loxy]-benzothiazol-2-ylcarbamoyl }ethyl)piperidine-1-car-
boxylic acid tert-butyl ester) 1s purified on a flash cartridge of
5 g of silica of porosity 15-35u, with a gradient of from 1% to
10% of methanol 1n dichloromethane.

Mass: LCMS: m/z 546 [M+H]", m/z 407: [M+H|"—
C.H, ,NC,H,CO, m/z 274: [M+2H]** m/z 294 (base peak).

1H NMR spectrum (300 MHz)—0 in ppm—1n DMSO-d6:
1.25 (d, J=7.0 Hz, 6H); 1.32 (m, 2H); from 1.45 to 1.65
(unresolved complex, 3H); 1.81 (broad d, J=12.5 Hz, 2H);

Example

No. armine

)

2513

20

25

30

compound

4-(3-Imidazol-1-ylpropyl-
amino)benzenesulfonic acid
2-(3-piperid-4-ylpropionyl-
amino)benzothiazol-6-yl
ester hydrochloride

30

2.52 (masked, 2H); 2.82 (m, 2H); 3.0/ (unresolved complex,
2H); 3.25 (broad d, J=12.5 Hz, 2H); 3.35 (masked, 1H); 3.45
(unresolved complex, 2H); 6.73 (broad d, J=9.0 Hz, 2H); 6.99
(dd, J=8.5 and 2.5 Hz, 1H); 7.20 (broad unresolved complex,
1H); 7.52 (broad d, J=9.0 Hz, 2H); 7.67 (d, J=8.5 Hz, 1H);
7.73 (d,J=2.5 Hz, 1H); 8.40 (broad unresolved complex, 1H);
8.65 (broad unresolved complex, 1H); 8.87 (broad unre-
solved complex, 2H); 12.4 (broad s, 1H).

EXAMPLE 25

Using the same method as 1n Example 24, the following
examples are prepared using 4-{2-[6-(4-fluorobenzenesulfo-
nyloxy)benzo-thiazol-2-ylcarbamoyl]ethyl } piperidine-1-
carboxylic acid tert-butyl ester as precursor (intermediate 23)
combined with various amines. These examples are presented
in the following table:

characterization

LCMS: m/z 569 [M + H]", m/z 430:
IM + H|" - CsH | (NC,H,CO
m/z 306(base peak)

1H NMR spectrum (300 MHz) - o
in ppm - 1n DMSO-d6:

1.32(m, 2H); from 1.45 to 1.65
(unresolved complex, 3H); 1.81
(broad d, J=12.5Hz, 2H); 2.10
(unresolved complex, 2H); 2.52
(masked, 2H); 2.82(m, 2H); 3.10
(unresolved complex, 2H); 3.23
(broad d, J=12.5Hz, 2H) ; 4.29(t,
I=7.0Hz, 2H); 6.65(broad d,
J=9.0Hz, 2H); 6.98(dd, J=8.5
and 2.5Hz, 1H); 7.10(broad
unresolved complex, 1H); 7.48
(broad d, J=9.0Hz, 2H); 7.67(d,
J=8.5Hz, 1H); 7.70(broad s, 1H);
7.72(d, J=2.5Hz, 1H); 7.81
(broad s, 1H); 8.45(broad
unresolved complex, 1H); 8.72
(broad unresolved complex, 1H);
9.17(broad s, 1H); 12.4(broad s,
1H); 14, 4(broad unresolved
complex, 1H).




Example
No.

25 b

25 ¢

armnine

31

-continued

compound

4-(2-Ethylaminoethyl-
amino )-benzenesulfonic
acid 2-(3-piperid-4-yl-
propionyl-amino )-benzo-
thiazol-6-yl ester
hydrochloride

4-[2-(2-Hydroxyethyl-

N
-~ \/\O amino)-ethylamino]

benzenesulfonic acid 2-(3-

piperid-4-ylpropionyl-
amino )benzothiazol-6-yl
ester hydrochloride

US 7,632,952 B2

characterization

L.CMS: m/z 532 [M + H]*, m/z 393:
M + H]* = CsH,,N(CH,),CO, m/z

267: [M + 2H]?*, m/z 287(base
peak).

1H NMR spectrum (300 MHz) - 0
in ppm - 1n DMSO-d6:

1.21(t, J=6.5Hz, 3H); 1.30(m,
2H); from 1.45 to 1.65(unresolved
complex, 3H); 1.80(broad d,
I=12.5Hz, 2H); 2.52(masked,
2H); 2.83(m, 2H); 2.97(q, J=6.5
Hz, 2H); 3.07(unresolved complex,
2H); 3.25(broad d, J=12.5Hz,
2H); 3.44(unresolved complex,
2H); 6.73(d, large, ]=9.0Hz, 2H);
6.99(dd, J=9.0 and 3.0Hz, 1H);
7.15(broad unresolved complex,
1H); 7.52(broad d, J=9.0Hz, 2H);
7.67(d, I=9.0Hz, 1H); 7.73(d,
J=3.0Hz, 1H); 8.35(broad
unresolved complex, 1H); 8.63
(broad unresolved complex, 1H);
8.81(broad unresolved complex,

2H); 12.4(broad s, 1H).

LCMS: m/z 548 [M + HJ*, m/z 409:
M + H]* - CsH,,NC,H,CO, m/z 275:

[M + 2H]?* m/z 295(base peak).
1H NMR spectrum (300 MHz) - 0
in ppm - 1n DMSO-d6:

1.32(m, 2H); from 1.45 to 1.65
(unresolved complex, 3H); 1.80
(broad d, J=12.5Hz, 2H); 2.52
(masked, 2H); 2.82(m, 2H); 3.03
(unresolved complex, 2H); 3.10
(unresolved complex, 2H); 3.25
(broad d, J=12.5Hz, 2H); 3.45
(masked, 2H); 3.69(t, J=5.5Hz,
2H); 6.72(broad d, J=9.0Hz, 2H);
6.99(dd, J=8.5 and 2.5Hz, 1H);
7.18(broad unresolved complex,
1H); 7.52(broad d, J=9.0Hz, 2H);
7.67(d, I=8.5Hz, 1H); 7.73(d,
J=2.5Hz, 1H); 8.50(broad
unresolved complex, 1H); 8.75
(broad unresolved complex, 1H);
8.91(broad unresolved complex,

2H); 12.4(broad s, 1H).
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INTERMEDIATE 26

Preparation of 4-1sobutylaminobenzenesulionic acid
2-tert-butoxycarbonylaminobenzothiazol-6-yl ester

A solution of 4-fluorobenzenesulionic acid 2-tert-butoxy-
carbonylamino-benzothiazol-6-yl ester (intermediate 15) (1
g 2.32 mmol), 1isobutylamine (517 mg, 7.07 mmol) and
cesium carbonate (845 mg, 2.59 mmol) 1n 12 ml of DMSO 1s
stirred at 80° C. overnight. 60 ml of water are added to the
reaction medium. The mixture 1s extracted with ethyl acetate.

45

50

55

60

65

The organic phase 1s washed with water and with saturated
sodium chloride solution, dried over magnesium sulfate and
then evaporated to dryness. The residue 1s washed with ethyl
cther to give 880 mg of 4-1sobutylaminobenzenesulionic acid

2-tert-butoxycarbonylaminobenzothiazol-6-yl ester (beige-
colored solid) 1n a yield of 80%.

LC/MS (method Al): [M+H]+:478.01, retention time:
4.31 min.

INTERMEDIATE 27

Preparation of 4-1sobutylaminobenzenesulfonic acid
2-aminobenzothiazol-6-y1 ester

AN

0
S \/O\&S/\/

PN
\
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A solution of 4-1sobutylaminobenzenesulionic acid 2-tert-
butoxycarbonyl-aminobenzothiazol-6-yl ester (intermediate
26) (880 mg, 1.93 mmol) and trifluoroacetic acid (5.7 ml, 74
mmol) m 6 ml of dichloromethane and 600 ul of water 1s
stirred overnight at room temperature.

The reaction medium 1s concentrated to dryness and the
residue 1s washed with ethyl ether to give 700 mg of 4-1sobu-
tylaminobenzenesulifonic acid 2-aminobenzothiazol-6-yl

ester 1n the form of the trifluoroacetic acid salt (white solid) 1n
a yield of 52%.

LC/MS(method Al): [M+H]+:3778.05, retention time: 3.60
ml.

EXAMPLE 28

Preparation of 4-1sobutylaminobenzenesulfonic acid
2-(2-piperid-4-ylacetylamino)benzothiazol-6-yl ester

hydrochloride
NH
HCl
0O G O\ /O
N
— !!, g

N

Ist step: A solution of 4-1sobutylaminobenzenesulionic
acid 2-aminobenzo-thiazol-6-yl ester (intermediate 27) (300
mg, 0.495 mmol), 4-carboxymethyl-piperidine-1-carboxylic
acid tert-butyl ester (361 mg, 1.485 mmol), HBTU (563 mg,
1.485 mmol) and N,N-dusopropylethylamine (432 ul, 2.475
mmol) 1n 4 ml of dimethylformamuide 1s stirred at room tem-
perature overnight. Water 1s added to the reaction medium,
which 1s extracted with ethyl acetate. The organic phase 1s
washed with water and then with saturated sodium chloride
solution, dried over magnesium sulfate and concentrated to
dryness. The residue obtained i1s purified by HPLC on a
Dynamax C18, 60 A, 21x300 mm column with a 95/5 mixture
of water/acetonitrile, for 5 minutes, with a gradient of from
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5% to 40% 1n water for 5 minutes, with a gradient of from
40% to 80% of acetonitrile 1n water for 30 minutes, with a
gradient of from 80% to 95% of acetonitrile 1n water for 5
minutes, and then with a 5/95 mixture of water/acetonaitrile
for 5 minutes with a flow rate of 20 ml/minute. The solvents
cach contain 0.07% (v/v) of trifluoroacetic acid. The fractions
are collected every 30 seconds and are monitored by analyti-
cal HPLC on a Hypersil C18, 4.6x50 mm column, with a
gradient of from 0 to 100% of acetomitrile 1n water, over 10
minutes at a flow rate of 1 ml/minute. The solvents each
contain 0.07% (v/v) of trifluoroacetic acid. The fractions
containing the expected product are concentrated to dryness
to give 4-{[6-(4-isobutylamino-benzenesulfonyloxy)ben-
zothiazol-2-ylcarbamoyl]methyl } piperidine-1-carboxylic
acid tert-butyl ester.

2nd step: A solution of 4-{[6-(4-isobutylaminobenzene-
sulfonyloxy )benzo-thiazol-2-ylcarbamoyl ]
methyl } piperidine-1-carboxylic acid tert-butyl ester (110
mg, 182 umol), dioxane (2 ml) and 4N hydrochloric acid in
dioxane 1s stirred for 2 hours at room temperature. The reac-
tion medium 1s concentrated to dryness and the residue
obtained 1s washed with ethyl ether to give 183 mg of 4-1sobu-
tylaminobenzenesulionic  acid  2-(2-pipenid-4-ylacety-
lamino)benzo-thiazol-6-yl ester hydrochloride (white pow-
der) 1n a yield of 64%.

Mass: IE: m/z 502 [M™ ], m/z377: M ]—C-,H,,NO, m/z
212: [SO,PhNHiBu|™™ m/z 165: [377-212]"", m/z 126:
[C-H,,NO]™ (base peak).

1H NMR spectrum (300 MHz)—0 1n ppm—1in DMSO-d6:

0.94 (d, J=6.5 Hz, 6H); 1.45 (m, 2H); from 1.77 to 1.88
(unresolved complex, 3H); 2.10 (broad unresolved complex,
1H); 2.52 (masked, 2H); 2.83 (m, 2H); 2.91 (d, J=6.5 Hz, 2H);
3.25 (broad d, J=12.5 Hz, 2H); 6.67 (broad d, J=9.0 Hz, 2H);
7.00 (dl, J=9.0 Hz, 1H); 7.15 (very broad unresolved com-
plex, 1H); 7.45 (broad d, J=9.0 Hz, 2H); 7.67 (d, J=9.0 Hz,
1H);7.73 (d, I=2.5Hz, 1H); 8.62 (broad unresolved complex,
1H); 8.85 (broad unresolved complex, 1H); 12.5 (broad s, 1H)

EXAMPLE 29

Using the same method as in example 28, the following
cxamples are prepared using 4-1sobutylaminobenzene-
sulfonic acid 2-amino-benzothiazol-6-yl ester as precursor
(intermediate 27) combined with various acids. These
examples are presented 1n the following table:

Example
No. Acid compound characterization
29 a H 4-Isobutylaminobenzenesulionic Mass: LCMS: m/z 517 [M + H]" (base peak)
/N\ acid 2-(3-piperid-4-ylpropionyl- IE: m/z 516 [M™],
amino)benzothiazol-6-yl ester m/z 377 [M"] - CgH [ 4NO,
hydrochloride m/z 212: [SO,PhNHiBu]*
m/z 165: [377 - 212]"
1H NMR spectrum (400 MHz) - 0 in ppm -
in DMSO-d6:
0.94(d, J=7.0Hz, 6H); 1.32(m, 2H); from
1.50 to 1.65(unresolved complex, 3H);
from 1.78 to 1.88(unresolved complex,
5 5 3H); 2.52(masked, 2H); 2.83(m, 2H); 2.92

(d, I=7.0Hz, 2H); 3.25(d, J=12.5Hz,

2H); 6.67(broad d, 1=9.0Hz, 2H); 7.00
(dd, J=8.5 and 2.5Hz, 1H); from 6.90 to
7.10(very broad unresolved complex, 1H);
7.45(broad d, I=9.0Hz, 2H); 7.68(d,
J=8.5Hz, 1H); 7.72(d, J=2.5Hz, 1H);
8.40(broad unresolved complex, 1H); 8.70

(broad unresolved complex, 1H); 12.45
(broad s, 1H).
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-continued

Example

No. Acid compound

29 b H>N 4-Isobutylaminobenzenesulionic
acid 2-(8-aminooctanoylamino )-
benzothiazol-6-yl ester hydro-

chloride

m/z 377:
m/z 212:
m/z 165:

characterization

36

Mass: LCMS: m/z 519 [M + H]" (base peak)
5 miz 518 [M*],

M™] - CO(CH,);NH,,
SO,PhNHiBul*

377 - 212]" (base peak).

1H NMR spectrum (400 MHz ) - 0 in ppm -

in DMSO-d6:

0.95(d, J=6.5Hz, 6H); 1.32(unresolved
complex, 6H); 1.55(unresolved complex,
2H); 1.64(unresolved complex, 2H); 1.83
(mt, JI=6.5Hz, 1H); 2.52(masked, 2H);
2.78(unresolved complex, 2H); 2.91(d,
J=6.5Hz, 2H); 6.67(broad d, J=9.0Hz,
2H); 6.98(broad d, J1=9.0Hz, 1H); 7.45

O (broad d, J=9.0Hz, 2H); 7.68(d, ]=9.0

OH
1H).

INTERMEDIATE 30

Preparation of thiophene-2-sulfonic acid
2-tert-butoxy-carbonylaminobenzothiazol-6-yl ester

A solution of (6-hydroxybenzothiazol-2-yl)carbamic acid
tert-butyl ester (intermediate 14) (527 mg, 1.979 mmol),
2-thiophenesulionyl chloride (433 mg, 2.37 mmol) and tri-
cthylamine (677 ul, 4.75 mmol) 1n 10 ml of acetone 1s stirred
overnight at room temperature. The reaction medium 1s con-
centrated to dryness. The residue obtained 1s washed with
water, with acetone and then with ethyl ether to give 621 mg
of thiophene-2-sulfonic acid 2-tert-butoxycarbonylami-

nobenzothiazol-6-yl ester (light gray powder) 1 a yield of
76%.
LC/MS: [M+H]+=412.98, retention time: 3.99 min.

INTERMEDIATE 31

Preparation of thiophene-2-sulfonic acid
2-aminobenzo-thiazol-6-y1 ester

/\/O\S//O .

H2N4<\ :‘ (\:\) \ /

NN

A solution of thiophene-2-sulfonic acid 2-tert-butoxycar- «s reaction medium, which 1s extracted with ethyl acetate. The

bonylaminobenzo-thiazol-6-yl ester (intermediate 30) (1.5 g,
3.63 mmol) and trifluoroacetic acid (15 ml, 196 mmol) 1n 15
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Hz, 1H); 7.72(broad s, 1H); 7.89(broad
unresolved complex, 3H); 12.4(broad s,

ml of dichloromethane and 600 ul of water i1s stirred for 2
hours at room temperature. The reaction medium 1s concen-
trated to dryness to give 900 mg of thiophene-2-sulfonic acid
2-aminobenzothiazol-6-y1 ester 1n the form of the trifluoro-
acetic acid salt (o1l) 1n a yield of 76%.

LC/MS (method Al): [M+H]+:313, retention time: 3.11
min.

EXAMPLE 32

Preparation of thiophene-2-sulfonic acid
2-[ (piperidine-4-carbonyl Jamino |benzothiazol-6-yl
ester; compound with trifluoroacetic acid

OH

S~
H
N
7 > <4<\N____J 4 00
\ 5

1st step: A solution of thiophene-2-sulfonic acid 2-ami-
nobenzothiazol-6-yl ester (intermediate 31) (80 mg, 0.256
mmol), Boc-1sonipecotic acid (176 mg, 0.768 mmol) HBTU
(291 mg, 0.768 mmol) and N,N-duisopropylethylamine (223

wl, 1.28 mmol) 1n 4 ml of dimethylformamide 1s stirred for 3

days at room temperature. 30 ml of water are added to the

organic phase 1s washed with water and with saturated

sodium chloride solution, dried over magnesium sulfate and
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concentrated to dryness to give 4-[6-thiophene-2-sulfony-

loxy)benzothiazol-2-ylcarbamoyl]piperidine-1-carboxylic
acid tert-butyl ester.

LC/MS:[M+H]+:523.96, retention time: 4.00 min.

2nd step: A solution of 4-[ 6-thiophene-2-sulfonyloxy)ben-
zothiazol-2-yl carbamoyl]piperidine-1-carboxylic acid tert-
butyl ester and trifluoroacetic acid (1.5 ml) m 1.5 ml of
dichloromethane and 100 ul of water 1s stirred overnight at
room temperature. The reaction medium 1s concentrated to

dryness, the residue 1s taken up 1 3500 ul of DMSO and a
sample 1s purified by preparative LC/MS (method B), to give

Example

No.
33a

O
33b

O
33¢

O
33d

O

38

3 mg of thiophene-2-sulionic acid 2-[ (piperidine-4-carbonyl)
amino]|benzothiazol-6-yl ester; compound with trifluoroace-
tic acid.

LC/MS: [M+H][+:423.97, retention time: 2.74 min.

5
EXAMPLE 33
Using the same method as in example 32, the following
examples are prepared using thiophene-2-sulfonic acid
10 2-aminobenzothiazol-6-yl ester as precursor (intermediate
31) combined with various acids. These examples are pre-
sented 1n the following table; the LCMSs are performed
according to method Al:
retention
time
acid compound M + H]+ (min)
H Thiophene-2-sulfonic acid 2-(3- 452.01 2.77
N\ piperid-4-
ylpropionylamino)benzothiazol-6-yl
ester; compound with trifluoroacetic
acid
O
N Thiophene-2-sulfonic acid 2-(2-amino- 369.98 2.62
acetylamino)benzothiazol-6-yl ester;
compound with trifluoroacetic acid
O
_~~ Thiophene-2-sulfonic acid 2-(2- 384.00 2.67
N methylamino-
acetylamino)benzothiazol-6-yl ester;
compound with trifluoroacetic acid
O
N Thiophene-2-sulfonic acid 2-(3-amino- 383.99 2.65

propionylamino )benzothiazol-6-yl
ester; compound with trifluoroacetic
acid
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-continued
Example

No. acid compound

33f H>N Thiophene-2-sulfonic acid 2-(8-amino-
octanoylamino )benzothiazol-6-yl
ester; compound with trifluoroacetic
acid

O

Thiophene-2-sulfonic acid 2-(3-diethyl-
aminopropionylamino )benzothiazol-6-
yl ester; compound with trifluoroacetic

OH
33g L J
Nj\ acid
O O
33h i Thiophene-2-sulfonic acid 2-(cyclopro-
O O

panecarbonylamino)benzothiazol-6-yl
ester

INTERMEDIATE 34

Preparation of
4-(2-duiisopropylaminoethylamino )benzene-sulfonic
acid 2-aminobenzothiazol-6-yl ester

/O/N\/\NJ\
O
OO S

IM + H|+

453.98

440.03

380.99

35
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A solution of 4-fluorobenzenesulfonic acid 2-aminoben-
zothiazol-6-y1 ester (intermediate 16) (100 mg, 0.225 mmol)
and N,N-dusopropylethylenediamine (395 ul, 2.25 mmol) 1n

9_

40

retention
time
(min)

2.91

2.81

3.63

5> ml of NMP 1s heated at 150° C. by microwave using an
“Emrys™ Optimizer” machine for 20 minutes. The crude
reaction product 1s taken up 1in 50 ml of ethyl acetate and the
resulting solution 1s washed with 5 times 50 ml of water. After
separation of the phases by settling, the organic phase 1s dried
over sodium sulfate, filtered and evaporated under reduced
pressure to give 100 mg of 4-(2-duisopropylaminoethy-
lamino)benzenesulionic acid  2-aminobenzothiazol-6-yl
ester.

LC/MS (method Al): [M+H]+=449.22, retention time:
2.36 min.

INTERMEDIATE 35

Preparation of 3-{6-[4-(2-diisopropylaminoethy-
lamino)-benzenesulionyloxy]|benzothiazol-2-
ylcarbamoyl}tazetidine-1-carboxylic acid tert-butyl

ester
N\/\ J\
N

O O
O PN
O N4<\N
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68 mg of azetidine-1,3-dicarboxylic acid mono-tert-butyl
ester, 256 mg of HBTU and 235 ul of DIEA are added to a
solution of 4-(2-diisopropylamino-ethylamino)benzene-

sulfonic acid 2-aminobenzothiazol-6-yl ester (inter-mediate
34) (100 mg, 0.225 mmol) 1n 5 ml of dimethylformamide. The
solution obtained 1s stirred for 20 hours at room temperature.

After addition of 50 ml of water, the reaction medium 1s

extracted with 3 times 25 ml of ethyl acetate. The extracts are
dried over magnesium sulfate, filtered and evaporated under 10
reduced pressure to give 700 mg of crude oil. This o1l 1s

purified by elution 1 a 95/5 dichloromethane/methanol mix-

ture at a flow rate of 10 ml/minute, on 20 g of silica, to give 39
mg of 3-{6-[4-(2-diisopropylaminoethylamino)-benzene- 1
sulfonyloxy]benzothiazol-2-ylcarbamoyl }azetidine-1-car-

boxylic acid tert-butyl ester.

20

LC/MS: [M+H]+: 632.11 retention time: 3.00 min.
Method Al

25
INTERMEDIATE 36

Preparation of 4-(2-diisopropylaminoethylamino) 10
benzene-sulionic acid 2-(8-tert-butoxycarbonylami-
nooctanoylamino )benzothiazol-6-yl ester

.
) N\_\

50
175 mg of 8-tert-butoxycarbonylaminooctanoic acid, 256

mg of HBTU and 235 ul of DIEA are added to a solution of
4-(2-dusopropylaminoethylamino)-benzenesulionic  acid

2-aminobenzothiazol-6-yl ester (intermediate 34) (100 mg,

0.225 mmol) 1n 5 ml of dimethylformamide. The solution >

obtained 1s stirred for 20 hours at room temperature. After
addition of 50 ml of water, the reaction mixture 1s extracted
with 3 times 25 ml of ethyl acetate. The extracts are dried over
magnesium sulfate, filtered and evaporated under reduced 60
pressure to give 338 mg of crude oil. This o1l 1s purified by
clution 1n a 95/5 dichloromethane/methanol mixture at a flow
rate ol 10 ml/minute, on 10 g of silica, to give 153 mg of
4-(2-dusopropylaminoethylamino )benzenesulfonic acid 4
2-(8-tert-butoxycarbonylaminooctanoylamino)benzothia-
zol-6-y1 ester.

42
LC/MS: [M+H]+: 690.33 retention time: 3.25 min.

Method Al

INTERMEDIATE 37

Preparation of 4-(2-diisopropylaminoethylamino)

benzene-sulionic acid 2-[(1-tert-butoxycarbonylami-

nocyclopentanecarbonyl)amino]-benzothiazol-6-yl

ester.

vy SPNPN
= U \/\)\

155 mg of 1-tert-butoxycarbonylaminocyclopen-
tanecarboxvylicacid, 256 mgof HBTU and 235 ul of DIEA are

added to a solution of 4-(2-diisopropyl-aminoethylamino)

F /%\/\N/I\
S RN

benzenesulfonic acid 2-aminobenzothiazol-6-yl ester (inter-
mediate 34) (100 mg, 0.225 mmol) 1n 5 ml of dimethylior-
mamide. The solution obtained 1s stirred for 20 hours at room
temperature. After addition of 50 ml of water, the reaction
mixture 1s extracted with 3 times 25 ml of ethyl acetate. The
extracts are dried over magnesium sulfate, filtered and evapo-
rated under reduced pressure to give 720 mg of crude o1l. This
o1l 1s purified by elution 1n a 95/5 dichloromethane/methanol

mixture at a flow rate of 10 ml/minute on 10 g of silica, to give

120 mg of 4-(2-duisopropylaminoethylamino)benzene-sul-
fonic acid 2-[(1-tert-butoxycarbonyl aminocyclopentanecar-
bonyl)amino]-benzothiazol-6-yl ester.

LC/MS: [M+H]+: 660.56 retention time: 3.11 min.
Method Al
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INTERMEDIATE 38

Preparation of 4-({6-[4-(2-diisopropylaminoethy-
lamino)-benzenesulionyloxy|benzothiazol-2-
carbamoyl} methyl)piperidine-1-carboxylic acid tert-
butyl ester

164 mg of 4-carboxymethylpiperidine-1-carboxylic acid
tert-butyl ester, 256 mg of HBTU and 235 ul of DIEA are

added to a solution of 4-(2-diuisopropylaminoethylamino)

benzenesulionic acid 2-aminobenzothiazol-6-yl ester (inter-
mediate 34) (100 mg, 0.225 mmol) 1n 5 ml of dimethylior-

mamide. The solution obtained 1s stirred for 20 hours at room

temperature. After addition of 50 ml of water, the reaction
mixture 1s extracted with 3 times 25 ml of ethyl acetate. The
extracts are dried over magnesium sulfate, filtered and evapo-
rated under reduced pressure to give 380 mg of crude o1l. This
o1l 1s purified by elution 1n a 95/5 dichloromethane/methanol
mixture at a flow rate of 10 ml/minute on 10 g of silica, to give
90 mg of 4-({6-[4-(2-diisopropyl-aminoethylamino)benze-

nesulfonyloxy|benzothiazol-2-carbamoyl }methyl)-piperi-

dine-1-carboxylic acid tert-butyl ester.

LC/MS: [M+H]|+: 674.57 retention time: 3.11 min.
Method Al

H>N
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/\/N\/\N/I\
AN

S 0N

A

EXAMPLE 39

Preparation of 4-(2-diisopropylaminoethylamino)
benzenesulfonic acid 2-[(azetidine-3-carbonyl)
amino |benzothiazol-6-yl ester

1.5 ml of hydrochloric dioxane are added to a solution of 39
mg of 3-{6-[4-(2-diisopropylaminoethylamino)benzene-
sulfonyloxy|benzothiazol-2-yl-carbamoyl }azetidine-1-car-
boxvylic acid tert-butyl ester (intermediate 35) 1 1.5 ml of
dioxane. The resulting solution 1s stirred for 5 hours at room
temperature and then evaporated under reduced pressure to
give 49 mg of o1l, which 1s purified by LC/MS to give 9.7 mg
of 4-(2-dusopropylamino-ethylamino)benzenesulfonic acid
2-[(azetidine-3-carbonyl)amino]benzo-thiazol-6-y1 ester.

MS: DCI: m/z=532 [M+H]"

ES™: m/z=532 [M+H]|"; m/z=266.8 [M+2H]|™

EXAMPLE 40

Preparation of
4-(2-duiisopropylaminoethylamino )benzenesulionic
acid 2-(8-aminooctanoylamino)benzothiazol-6-yl
ester

H
Z ‘ N\/\N/I\
O
S O\\.\S/\ )\
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3 ml of hydrochloric dioxane are added to a solution o1 153
mg of 3-{6-[4-(2-diisopropylaminoethylamino)benzene-
sulfonyloxy]|benzothiazol-2-yl-carbamoyl }azetidine-1-car-
boxylic acid tert-butyl ester (intermediate 36) n 3 ml of
dioxane. The resulting solution 1s stirred for 5 hours at room
temperature and then evaporated under reduced pressure to
give 152 mg of 4-(2-dusopropylaminoethylamino)benzene-
sulfonic acid 2-(8-aminooctanoylamino)-benzothiazol-6-yl
ester.

MS: DCI: m/z=390 [M+H]”

ES™: m/z=590 [MH]"; m/z=295.95 [M+2H]™™

1H NMR spectrum (300 MHz)—6 1in ppm—1n DMSO-d6:
From 1.20 to 1.38 (unresolved complex, 16H); from 1.42 to
1.68 (unresolved complex, 6H); 2.29 (t, J=7.0 Hz, 2H); 2.74

(unresolved complex, 4H); 3.16 (unresolved complex, 2H);
from 3.50 to 3.80 (unresolved complex, 2H); 6.71 (broad d,

1=9.0 Hz, 2H); 6.96 (broad d, J=9.0 Hz, 1H); 7.33 (broad t,
J1=6.0 Hz, 1H); 7.51 (broad d, J=9.0 Hz, 2H); 7.64 (d, J=9.0
Hz, 1H);7.68 (broad s, 1H); 7.85 (broad unresolved complex,
3H); 9.98 (unresolved complex, 1H); 12.4 (broad s, 1H).

EXAMPLE 41

Preparation of 4-(2-diisopropylaminoethylamino)
benzenesulionic acid 2-[(1-aminocyclopentanecarbo-
nyl)amino |benzothiazol-6-yl ester

SN
Y I T X

3 ml of hydrochloric dioxane are added to a solution of 120
mg of 4-(2-duisopropylaminoethylamino)benzenesulionic
acid 2-[(1-tert-butoxycarbonyl-aminocyclopentanecarbonyl)
amino |benzothiazol-6-yl ester (intermediate 37) in 3 ml of
dioxane. The resulting solution 1s stirred for 5 hours at room
temperature and then evaporated under reduced pressure to
give 90 mg of o1l, which 1s purified by LC/MS to give 32 mg
ol 4-(2-dusopropylaminoethyl-amino)benzenesulfonic acid
2-[(1-aminocyclopentanecarbonyl)amino |benzo-thiazol-6-
yl ester.

1H NMR spectrum (300 MHz)—06 1 ppm—in DMSO-
d6+1 drop of AcOD: 1.26 (d, J=6.5 Hz, 12H); from 1.85 to
2.02 (unresolved complex, 6H); 2.35 (unresolved complex,
2H); 3.19 (t, JI=7.0 Hz, 2H); 3.50 (t, J=7.0 Hz, 2H); 3.68 (mt,
J=6.5 Hz, 2H); 6.72 (broad d, J=9.0 Hz, 2H); 6.98 (dd, J=8.5
and 2.5 Hz, 1H); 7.55 (broad d, J=9.0 Hz, 2H); 7.76 (d, J=8.5
Hz, 1H); 7.85 (d, J=2.5 Hz, 1H).

EXAMPLE

42

Preparation of 4-(2-diisopropylaminoethylamino)
benzenesulionic acid 2-(2-piperid-4-ylacetylamino)
benzothiazol-6-yl ester

3 ml of hydrochloric dioxane are added to a solution of 90
mg of 4-({6-[4-(2-diisopropylaminoethylamino)benzene-
sulfonyloxy]|benzothiazol-2-carbamoyl} -methyl)piperidine-
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1 -carboxylic acid tert-butyl ester (intermediate 38) 1n 3 ml of
dioxane. The resulting solution 1s stirred for 5 hours at room
temperature and then evaporated under reduced pressure to
give 90 mg of o1l, which 1s purified by LC/MS to give 101 mg
of 4-(2-dusopropylaminoethylamino)benzene-sulfonic acid
2-(2-piperid-4-ylacetylamino)benzothiazol-6-yl ester.

LC/MS: [M+H]|+: 574.23 retention time: 2.24 min.
Method Al

MS: DCI: m/z=574 [MH™]
ES™: m/z=574 [MH"]; m/z=287.9 [(M+2H)/2]"

1H NMR spectrum (400 MHz)—0 1n ppm—in DMSO-
d6+1 drop of AcOD at 383 K (110° C.):

1.33 (d, JI=7.0 Hz, 12H); from 1.42 to 1.58 (unresolved com-
plex, 2H); from 1.85 to 1.95 (unresolved complex, 2H); 2.15
(unresolved complex, 1H); 2.31 (d, J=7.0 Hz, 2H); {from 2.87
to 2.97 (unresolved complex, 2H); 3.22 (t, J=6.5 Hz, 2H);
from 3.24 to 3.32 (unresolved complex, 2H); 3.58 (t, J=6.5
Hz, 2H); from 3.65 to 3.75 (unresolved complex, 2H); 6.75
(broad d, I=9.0Hz, 2H); 7.08 (dd, J=8.5and 2.5 Hz, 1H); 7.38

I=2.5Hz, 1H);7.65(d, J=8.5

(broadd, J=9.0Hz, 2H); 7.62 (d,

Hz, 1H).

EXAMPLE 43

Preparation of
4-(2-Dusopropylaminoethylamino )benzenesulionic
acid 2-acetylaminobenzothiazol-6-yl ester

28 mg of acetic acid, 177.5 mg of HBTU and 163 ul of
DIEA are added to a solution of 4-(2-dusopropylaminoethy-
lamino)benzenesulionic acid 2-amino-benzothiazol-6-yl
ester (intermediate 34) (70 mg, 0.156 mmol) 1n 4 ml of dim-
cthylformamide. The solution obtained 1s stirred for 20 hours
at room temperature. After addition of 50 ml of water, the
reaction mixture 1s extracted with 3 times 25 ml of ethyl
acetate. The extracts are dried over magnesium sulfate, {il-
tered and evaporated under reduced pressure to give 130 mg

of crude o1l. This o1l 1s purified by LC/MS to give 15 mg of
4-(2-diisopropylamino-ethylamino)benzenesulionic  acid
2-acetylaminobenzothiazol-6-y1 ester.

IR: 3420; 2989:; 2680; 1674; 1599; 1542; 1452; 1367:;
1268;1202;1176:1161;1134;1094;914;851;831;753;720
and 579 cm ™!

1H NMR spectrum (300 MHz)—0 1n ppm—1in DMSO-d6:

1.30 (d, J=6.5 Hz, 12H); 2.22 (s, 3H); 3.23 (unresolved com-
plex, 2H); 3.51 (unresolved complex, 2H); 3.72 (unresolved
complex, 2H); 6.74 (broad d, J=9.0 Hz, 2H); 6.90 (broad
unresolved complex, 1H); 7.03 (broad d, J=9.0 Hz, 1H); 7.56
(broadd, J=9.0Hz, 2H); 7.68 (d, J=9.0Hz, 1H); 7.70(d, J=3.0
Hz, 1H); 8.46 (unresolved complex, 1H); 12.4 (broad s, 1H).
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EXAMPLE 43a

Preparation of
4-(2-dusopropylaminoethylamino )benzene-sulfonic

acid 2-acetylaminobenzothiazol-6-yl ester
hydrochloride

Example 43a was synthesized from 250 mg (0.557 mmol)
of 4-(2-dusopropyl-aminoethylamino)benzenesulfonic acid
2-aminobenzothiazol-6-yl ester (inter-mediate 34) as a solu-
tion with 57 mg (0.557 mmol) of acetic anhydride and 216 mg
(1.671 mmol) of N,N-diisopropylethylamine in 10 ml of
dichloro-methane. The reaction medium is stirred overnight,

the same amounts of acetic anhydride and N,N-diisopropyl-
cthylamine are then added twice and the reaction 1s continued
for 3 days at room temperature. 50 ml of dichloro-methane
are then added, and the reaction medium 1s washed with
water. 2N hydrochloric acid solution 1s added to the organic
phase to pH 3 and the resulting organic phase 1s then washed
with saturated aqueous sodium chloride solution, dried over
magnesium sulfate and evaporated to dryness to give 140 mg
of 4-(2-dusopropylaminoethylamino)benzenesulfonic acid

2-acetylaminobenzothiazol-6-yl ester hydrochloride 1 a
yield of 48%.

Mass: ES m/z=491 MH™ base peak NMR: 1H NMR spec-
trum at 300 MHz on a Bruker Avance DPX-300 spectrometer
with the chemical shifts (6 1n ppm)—in the solvent dimethyl
sulfoxide-d6 (DMSO-d,) referenced to 2.50 ppm: from 0.90
to 1.35 (m, 12H); 2.20 (s, 3H); 3.18 (broad m, 2H); 3.53
(broad m, 2H); from 3.60 to 3.77 (broad m, 2H); 6.72 (broad
d,J=9.0Hz, 2H); 7.00 (dd, J=2.5 and 8.5 Hz, 1H); 7.04 (broad
m, 1H); 7.53 (broad d, J=9.0 Hz, 2H); 7.66 (d, J=8.5 Hz, 1H);
7.68 (d, J=2.5 Hz, 1H); 9.09 (broad m, 1H); 12.4 (broad s,
1H).

IR:KBr

3427, 2978; 2658; 1693; 1598; 1542; 1452; 1367,
1160; 1093; 913; 850 and 578 cm ™"
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EXAMPLE 44

4-(2-Dusopropylaminoethylamino )benzenesulfonic
acid 2-(2-methoxyacetylamino)benzothiazol-6-yl

ester

42.1
163 ul

laminoethylamino )benzenesulionic acid 2-aminobenzothia-

mg of methoxyacetic acid, 177.5 mg of HBTU and

of DIEA are added to a solution of 4-(2-duisopropy-

zol-6-yl1 ester (intermediate 34) (70 mg, 0.156 mmol) in 4 ml

of dimethylformamide. The solution obtained is stirred for 20

hours at room temperature. After addition of 50 ml of water,

the reaction mixture 1s extracted with 3 times 25 ml of ethyl
acetate. The extracts are dried over magnesium sulfate, {il-
tered and evaporated under reduced pressure to give 98 mg of
crude o1l. This o1l 1s purified by LC/MS to give 47.8 mg of
4-(2-duiisopropyl-aminoethylamino)benzenesulionic  acid

2-(2-methoxyacetylamino )benzo-thiazol-6-yl ester.

IR: 3390; 2993; 2666; 1674; 1599; 1541; 1452; 1365;
1269;1202;1175;1161;1125;1094;914;852; 830,757,720
and 570 cm ™!

1H NMR spectrum (300 MHz)—0 1n ppm—1in DMSO-d6:
1.29(d, J=6.5 Hz, 12H); 3.23 (unresolved complex, 2H); 3.40
(s, 3H); 3.52 (unresolved complex, 2H); 3.72 (broad unre-
solved complex, 2H); 4.22 (s, 2H); 6.75 (broad d, J=9.0 Hz,
2H); 6.90 (broadt, J=6.0 Hz, 1H); 7.05 (dd, J=9.0 and 2.5 Hz,
1H); 7.55 (broad d, J=9.0 Hz, 2H); 7.70 (d, J=9.0 Hz, 1H);
7.72(d,J=2.5 Hz, 1H); 8.48 (unresolved complex, 1H); 12.35
(s, 1H).

EXAMPLE 44a

Preparation of 4-(2-diisopropylaminoethylamino)
benzene-sulionic acid 2-(2-methoxyacetylamino)

benzothiazol-6-yl1 ester hydrochloride

Example 44a 1s synthesized according to the method of

Example 44, starting with 750 mg (1.672 mmol) of 4-(2-
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duisopropylaminoethylamino )benzenesulionic acid 2-ami-
nobenzothiazol-6-yl ester (intermediate 34) to give: crude
4-(2-di-1sopropylaminoethylamino)benzenesulfonic  acid
2-(2-methoxyacetylamino)-benzothiazol-6-yl  ester. This
product was dissolved 1n 1 ml of methanol and 3 ml of
dioxane. 4 ml of dioxane/4N HCI were added to the solution.
Thereaction medium 1s stirred at room temperature overnight
and then evaporated to dryness. The residue obtained 1s puri-
fied by flash chromatography on a first cartridge of 20 g of
silica with a gradient from 0 to 10% of methanol 1n dichlo-
romethane. Since the product obtained has a purity of 90%, a
second purification 1s performed on a cartridge of 50 g of
silica with a gradient of O to 10% of methanol 1n dichlo-
romethane over 1 hour 30 minutes at a tlow rate of 20 ml/min.
After concentrating to dryness the fractions containing the
product, 205 mg of 4-(2-dusopropylaminoethylamino)ben-
zenesulfonic acid 2-(2-methoxyacetylamino)benzothiazol-
6-yl ester hydrochloride are obtained in a yield of 22%.

Mass: ES m/z=521 MH™ base peak

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—
in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced
to 2.50 ppm: from 0.80 to 1.40 (m, 12H); from 2.90 to 3.70
(partially masked m, 6H); 3.38 (s, 3H); 4.20 (s, 2H); 6.68
(broad d, J=8.5 Hz, 2H); 7.00 (dd, J=2.5 and 8.5 Hz, 1H); 7.49
(broad d, J=8.5 Hz, 2H); 7.68 (d, J=8.5 Hz, 1H);7.70(d, J=2.5
Hz, 1H); 12.35 (broad s, 1H).

IR:KBr

3388; 2965; 2653; 1704; 1598; 1539; 1451; 1363; 1160;
1093: 914: 852: 754 and 567 cm™*

EXAMPLE

45

4-(2-Dusopropylaminoethylamino )benzenesulionic
acid

2-(cyclo-pentanecarbonylamino)benzothiazol-6-yl
ester

42.1 mg of methoxyacetic acid, 177.5 mg of HBTU and
163 ul of DIEA are added to a solution of 4-(2-diisopropy-
laminoethylamino)benzenesulionic acid 2-aminobenzothia-
zol-6-yl1 ester (intermediate 34) (70 mg, 0.156 mmol) in 4 ml

5

10

15

20

25

30

35

40

45

50

50

of dimethylformamide. The solution obtained is stirred for 20
hours at room temperature. After addition of 50 ml of water,
the reaction mixture 1s extracted with 3 times 25 ml of ethyl
acetate. The extracts are dried over magnesium sulfate, {il-
tered and evaporated under reduced pressure to give 135 mg
of crude o1l. This o1l 1s purified by LC/MS to give 55.2 mg of
4-(2-duiisopropyl-aminoethylamino)benzenesulfonic  acid

2-(cyclopentanecarbonylamino)-benzothiazol-6-yl ester.
IR: 3423; 2968; 2672; 1673; 1599; 1541; 1451; 1365;

1261;1202;1175;1161;1137;1094;916; 852;829;752;720
and 568 cm ™"

1H NMR spectrum (300 MHz)—0 1n ppm—in DMSO-
d6+1 drop of AcOD: 1.27 (d, J=6.5 Hz, 12H); from 1.52 to
1.80 (unresolved complex, 7H); 1.90 (unresolved complex,
1H); 2.97 (mt, J=7.5 Hz, 1H); 3.20 (t, ]=6.5 Hz, 2H); 3.50 (X,
J=6.5 Hz, 2H); 3.69 (mt, J=6.5 Hz, 2H); 6.71 (broad d, J=9.0
Hz, 2H);7.04 (dd, J=9.0 and 2.5 Hz, 1H); 7.53 (broad d, J=9.0
Hz, 2H); 7.58 (d,J=9.0 Hz, 1H).

INTERMEDIATE 46

Preparation of 4-fluorobenzenesulionic acid 2-(6-
tert-butoxy-carbonylaminohexanoylamino)ben-
zothiazol-6-yl ester

O
N
O
h\
| N
-

I "O
O

A solution of 4-fluorobenzenesultonic acid 2-aminoben-

zothiazol-6-yl ester (intermediate 16, brevetbenzothiaz-
ole_V2) (0.15 g, 0.46 mmol), BOC-6-aminohexanoic acid

(0.128 g, 0.555 mmol), HATU (0.211 g, 0.555 mmol) and
N,N-diuisopropylethylamine (95 ul, 0.555 mmol) in 2 ml of
DMEF, 1n a 20 ml round-bottomed flask equipped with a mag-
netic bar, 1s heated at about 60° C. (ext.) for 5 hours.

The reaction medium 1s extracted with ethyl acetate,
washed with N hydrochloric acid solution and then with
water. The organic phase 1s dried over sodium sulfate, filtered
and then evaporated to dryness. The residue is purified by
chromatography using Quad 12/25 on a Biotage cartridge (40
g of silica), eluting with a 97/3 methylene chloride/isopro-
panol mixture. After evaporating oif the solvent, 0.199 g of
4-fluorobenzenesulfonic acid 2-(6-tert-butoxycarbonylami-

nohexanoylamino)benzothiazol-6-yl ester are recovered 1n a
yield of 80%.

NHBOC

INTERMEDIATE 47

Preparation of 4-(2-diisopropylaminoethylamino)
benzene-sulifonic acid 2-(6-tert-butoxycarbonylami-
nohexanoylamino)benzothiazol-6-yl ester

NHBOC
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A solution 010.194 g of 4-fluorobenzenesulionic acid 2-(6-
tert-butoxycarbonyl-aminohexanoylamino )benzothiazol-6-
yl ester (0.194 g, 0.36 mmol) and N,N-diisopropylethylene-
diamine (0.33 ml, 1.8 mmol) 1n 4 ml of NMP 1s heated for 10
minutes at 150° C. by microwave. The crude reaction product
1s extracted with EtOAc and washed with water. The organic
phase 1s dried over sodium sulfate, filtered and then evapo-
rated to give 1.8 g (yellow liquid). This material 1s chromato-
graphed on silica 60 (40-63 um), eluting with a 93/7 CH,Cl,/
MeOH mixture. After evaporating off the solvent, a gum
(0.215 g)1s obtained, which 1s triturated with water. The water
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1s removed and the gum 1s then taken up i1n toluene and
evaporated to dryness, to give 0.13 g of 4-(2-diisopropylami-
noethylamino)benzenesulfonic acid 2-(6-tert-butoxycarbo-

nyl-aminohexanoylamino )benzothiazol-6-yl ester, 1.e. a yield
ol 54%.

EXAMPLE 49

Preparation of
4-(2-duiisopropylaminoethylamino )benzenesulionic
acid 2-(6-aminohexanoylamino )benzothiazol-6-yl
ester hydrochloride

HCI HCI

O
\N
N
9 S%Hj \

\_\

NH,

0.12 g of 4-(2-dusopropylaminoethylamino)benzene-
sulfomic  acid  2-(6-tert-butoxycarbonylaminohexanoy-
lamino )benzothiazol-6-yl ester 1s placed 1n 2 ml of EtOAc 1n
a 10 ml round-bottomed flask equipped with a magnetic bar,
followed by dropwise addition of 0.5 ml of hydrochloric acid
dissolved in EtOAc. A gum forms, and 1s stirred for 1 hour at
room temperature.

The reaction medium 1s taken up 1n water and then brought
to pH 8 with 28% aqueous ammonia. The mixture 1s extracted
with EtOAc and washed with water, and the organic phase 1s
then dried over sodium sulfate. After filtration, the filtrate 1s
evaporated to dryness to give 0.1 g of white powder, which 1s
dissolved 1n 5 ml of methanol and then brought to pH 2 with
hydrochloric acid dissolved i EtOAc. The suspension 1s
evaporated to dryness and the residue 1s taken up 1n 5 ml of
water and then freeze-dried to give 91 mg of 4-(2-diisopro-
pylaminoethylamino)benzenesulionic acid 2-(6-aminochex-
anoyl-amino)benzothiazol-6-yl ester hydrochloride, 1.e. an

80% vield.

INTERMEDIATE 50

Preparation of 4-fluorobenzenesulfonic acid 2-(7-
tert-butoxy-carbonylaminoheptanoylamino )ben-

zothiazol-6-yl ester
O %
-
N
/_F H
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According to the method of intermediate 46, 4-fluoroben-

zenesulfonic acid 2-(7-tert-butoxycarbonylaminoheptanoy-

lamino)benzothiazol-6-yl ester 1s prepared via the action of

4-fluorobenzenesulifonic acid 2-aminobenzothiazol-6-yl °

ester (intermediate 16, brevetbenzothiazole_V2) with BOC-

7-amino-heptanoic acid to give 0.164 g of product.

N—F
)\N/\/N ‘

A

54
INTERMEDIATE 51

Preparation of 4-(2-diisopropylaminoethylamino)
benzene-sulfonic acid 2-(7-tert-butoxycarbonylami-
noheptanoylamino )benzothiazol-6-yl ester

R
F

//S\O/\/ q

25

30

35

40

45

50

According to the method of intermediate 47, 4-(2-diiso-
propylaminoethylamino )benzenesulifonic acid 2-(7-tert-bu-
toxycarbonylaminoheptanoylamino )-benzothiazol-6-y1 ester
1s prepared via the action of 4-fluorobenzenesulfonic acid
2-(7-tert-butoxycarbonylaminoheptanoylamino )benzothia-
zol-6-yl ester with N,N-diisopropylethylenediamine. The
product 1s purified by chromatography on a Biotage column
(8 g of silica), eluting with a 95/5 CH,Cl,/MeOH muixture to
give 86 mg of product, 1.e. a 44% vield.

EXAMPLE 52

Preparation of
4-(2-dusopropylaminoethylamino )benzenesultfonic

acid 2-(7-aminoheptanoylamino)benzothiazol-6-yl

ester hydrochloride
NH,
O
N
0 X \ HCl
7] )
// \O / \S
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According to the method of Example 49, 4-(2-di1sopropy-
laminoethylamino)-benzenesulfonic acid 2-(7-aminohep-
tanoylamino )benzothiazol-6-yl ester hydrochloride 1s pre-
pared via hydrolysis of 4-(2-diisopropylaminoethylamino)-
benzenesulionic acid 2-(7-tert-
butoxycarbonylaminoheptanoylamino )benzo-thiazol-6-yl in
the presence of hydrochloric acid dissolved 1n EtOAc, to give

4’7 mg of hydrochloride 1.e. a 77% yield.

EXAMPLE

S3

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
2-(cyclopropanecarbonylamino)benzothiazol-6-yl

ester hydrochlornde
HCL J\
O HCL =
H
N
=

N /\‘ - NH

O

\\S e \/

-
0O \\O

A solution of 4-fluorobenzenesulifonic 2-(cyclopropan-
ecarbonylamino)benzo-thiazol-6-yl ester (example 53, bre-
vetbenzothiazole_V2) (145 mg, 0.37 mmol) and N-1sopropy-
lethylenediamine (233 ul, 1.85 mmol) 1n 4.5 ml of NMP 1s
heated at 150° C. by microwave for 5 minutes. The crude
reaction product 1s diluted with EtOAc, washed 3 times with
water and extracted twice with EtOAc. The organic phases are
combined, dried over sodium sulfate, filtered and then evapo-
rated to dryness. The 165 mg of crude product are purified by
chromatography on silica: 8 g AIT column, eluent: 90/10/1
CH,Cl,/MeOH/—NH_ OH. The solid obtained (96 mg) is
dissolved in EtOAc and then brought to pH 2 with hydrochlo-
ric acid dissolved 1n EtOAc. The suspension i1s evaporated to
dryness and taken up 1n 5 ml of water, and then freeze-dried to
give 76 mg of 4-(2-1sopropylaminoethylamino)benzene-
sulfonic 2-(cyclo-propanecarbonylamino)benzothiazol-6-yl
ester hydrochloride.

INTERMEDIATE 54

Preparation of 4-fluorobenzenesulfonic acid
2-1sobutyryl-aminobenzothiazol-6-yl ester

B O
N >_<
» [T )i
A

O

According to the method of intermediate 46, 4-fluoroben-
zenesulfonic acid 2-1sobutyrylaminobenzothiazol-6-yl ester
1s prepared via the action of 4-fluorobenzenesulfonic acid
2-aminobenzothiazol-6-yl ester (intermediate 16, brevetben-

10

15

20

25

30

35

40

45

50

55

60

65

56

zothiazole _V2) with 1sobutyric acid. The crude reaction
product 1s crystallized from ethyl ether and, after filtering off
by suction, 0.17 g of colorless solid 1s 1solated, 1.e. an 86%
yield.

EXAMPLE 55

Preparation of
4-(2-duisopropylaminoethylamino )benzenesulionic
acid 2-1sobutyrylaminobenzothiazol-6-yl ester

hydrochloride

HCI

UL
3 |

According to the method of Example 53, 2,4-(2-diisopro-

HCI

pylaminoethylamino)-benzenesulionic acid 2-1sobutyry-
laminobenzothiazol-6-yl ester hydrochloride 1s prepared via
the action of 4-fluorobenzenesulionic acid 2-1sobutyry-
lamino-benzothiazol-6-yl ester with N,N-diisopropylethyl-
enediamine. The crude reaction product i1s extracted with
EtOAc and washed with water. The organic phase 1s dried
over sodium sulfate, filtered and then evaporated: 0.327 g of
crude product 1s obtained, which 1s chromatographed on a
column of biotage silica (40 g), eluting with a 90/10 CH,Cl,/

MeOH mixture. The o1l obtained crystallizes from heptane.

The product 1s redissolved in 5 ml of EtOAc and a solution of
hydrochloric acid 1n EtOAc 1s then added dropwise to pH 2.
The hydrochloride 1s filtered off by suction, washed with

EtOAc and then dried under vacuum at 40° C. 0.112 g of
4-(2-duisopropylaminoethylamino)benzene-sulionic

acid
2-1sobutyrylaminobenzothiazol-6-yl ester hydrochloride 1s
1solated, 1.e. a 42% yield.

INTERMEDIATE 56

Preparation of 4-tfluorobenzenesulfonic acid
2-propionyl-aminobenzothiazol-6-yl ester

o NN
O AT

O

According to the method of intermediate 46, 4-fluoroben-
zenesulfonic acid 2-propionylaminobenzothiazol-6-yl ester
1s prepared via the action of 4-fluorobenzenesulfonic acid
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2-aminobenzothiazol-6-y1 ester (intermediate 16, brevetben-
zothiazole_V2) with propionic acid. The product, 0.397 g, 1s
obtained 1n a yield of 93%.

EXAMPLE 57 .

Preparation of

4-(2-duisopropylaminoethylamino )benzenesulfonic

acid 2-propionylaminobenzothiazol-6-yl ester 10

hydrochloride

15

| 20

7

HCI

25

According to the method of example 53, 4-(2-di1sopropy-
laminoethylamino)-benzenesulfonic acid 2-propionylami-
nobenzothiazol-6-yl ester 1s prepared via the action of 4-fluo-
robenzenesulfonic acid 2-propionylaminobenzothiazol-6-y1 3¢
ester with N,N-diisopropylethylenediamine by heating for 10
minutes by microwave at 150° C. The product, 0.09 g, 1s

obtained after purification in a yield of 45%, in the form of the

hydrochloride. 15

EXAMPLE

J8

Preparation of X0
4-(2-hydroxy-2-methylpropylamino)benzene-sulfonic

acid 2-propionylaminobenzothiazol-6-yl ester

45
O
/ _,_...--'N\ ;
\/ L )
o X g 50
HN
55
OH
HCI
60
According to the method of example 33, 4-(2-hydroxy-2-
methylpropylamino)-benzenesulfonic acid 2-propionylami-
nobenzothiazol-6-yl ester 1s prepared via the action of 4-fluo- o5

robenzenesulfonic acid 2-propionylaminobenzothiazol-6-yl
ester with 1-amino-2-methylpropan-2-ol by heating for 20

58

minutes by microwave at 150° C. The product, 0.096 g, 1s

obtained after purification in a yield of 50%, 1n the form of the

hydrochloride.

INTERMEDIATE 59

4-Fluorobenzenesulfonic acid
2-(cyclobutanecarbonyl-amino )benzothiazol-6-yl
ester

’ |

<>—< S OS\XS/ AN

|
O
According to the method of intermediate 46, 4-fluoroben-
zenesulfonic acid 2-(cyclobutanecarbonylamino )benzothia-
zol-6-y1 ester 1s prepared via the action of 4-fluorobenzene-
sulfomic  acid  2-aminobenzothiazol-6-yl  ester with
cyclobutanecarboxylic acid.

EXAMPLE 60

Preparation of
4-(2-duiisopropylaminoethylamino )benzenesulionic
acid 2-(cyclobutanecarbonylamino)benzothiazol-6-yl
ester hydrochloride

= U 0

According to the method of example 53, 4-(2-duisopropy-
laminoethylamino )-benzenesulfonic acid 2-(cyclobutanecar-
bonylamino)benzothiazol-6-yl ester 1s prepared via the action
of 4-fluorobenzenesulionic acid 2-propionylamino-ben-
zothiazol-6-yl ester with N,N-diisopropylethylenediamine
by heating for 10 minutes by microwave at 150° C. The

product, 0.054 g, 1s obtained after purification 1n a yield of
18%, 1n the form of the hydrochloride.

INTERMEDIATE 61

Preparation of 4-tfluorobenzenesulfonic acid
2-(3-pyrid-3-yl-propionylamino)benzothiazol-6-yl
ester.

/

NH
N)\S

[

e

According to the method of intermediate 46, 4-fluoroben-
zenesulfonic acid 2-(3-pyrid-3-ylpropionylamino )benzothia-

\
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zol-6-y1 ester 1s prepared via the 1s action of 4-fluorobenze-
nesulfonic acid 2-aminobenzothiazol-6-yl ester with 3-(3-
pyridyl)propionic acid. The product i1s obtamned 1n a
quantitative yield.

EXAMPLE

62

Preparation of 4-(2-diisopropylaminoethylamino)
benzenesulionic acid 2-(3-pyrnid-3-ylpropiony-
lamino)benzothiazol-6-yl ester hydrochloride

NH

)\ HCI
N N 7 S
N \/.

=

{

According to the method of example 7, 4-(2-diisopropy-
laminoethylamino)-benzenesulfonic acid 2-(3-pynid-3-yl-
propionylamino )benzothiazol-6-yl ester 1s prepared via the
action of 4-fluorobenzenesulionic acid 2-(3-pyrid-3-yl-pro-
pionylamino)benzothiazol-6-yl ester with N,N-diisopropyl-
cthylenediamine by heating for 10 minutes by microwave at
150° C. The product, 0.045 g, 1s obtained after purification 1n
a yield of 23% 1n the form of the hydrochlonde.

EXAMPLE

63

Preparation of 4-(2-hydroxy-2-methylpropylamino)
benzene-sulifonic acid 2-(3-pyrid-3-ylpropiony-
lamino)benzothiazol-6-yl ester hydro-chloride

O OH
!
O—SA< >7N
H

According to the method of example 53, 4-(2-hydroxy-2-
methylpropyl-amino)benzenesulfonic acid 2-(3-pyrid-3-yl-
propionylamino)benzothiazol-6-yl ester 1s prepared via the
action of 4-fluorobenzenesulifonic acid 2-(3-pyrid-3-ylpro-
pionylamino )benzothiazol-6-yl ester with 1-amino-2-meth-
ylpropan-2-ol by heating for 20 minutes by microwave at
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150° C. The product, 0.104 g, 1s obtained after purification 1n
a yield of 52%, 1n the form of the hydrochlonde.

INTERMEDIATE 64

Preparation of 4-fluorobenzenesulfonic acid
2-acetylamino-benzothiazol-6-yl ester

Z

O
N

— 1;

A solution of 4-fluorobenzenesulifonic acid 2-aminoben-
zothiazol-6-yl ester (intermediate 16) (101.2 mg, 0.312
mmol), acetic acid (56.2 mg, 0.936 mmol), HBTU (355 mg,
0.936 mmol) and N,N-diusopropylamine (326 ul, 1.872
mmol) in 5 ml of dimethylformamide in a test tube, equipped
with a magnetic bar, 1s stirred for 20 hours at room tempera-
ture. 100 ml of water are added and the reaction medium 1s
extracted with ethyl acetate. The organic phase 1s dried over
magnesium sulfate and evaporated. The residue obtained 1s
taken up 1n ethyl acetate and purified on a Varian flash car-
tridge containing 5 g of silica of porosity 13-35u, with a
mixture of 1% methanol 1n dichloromethane. Atfter evaporat-
ing off the solvent, 66 mg of 4-fluorobenzenesulionic acid

2-acetylaminobenzothiazol-6-yl ester are obtained (vellow
o1l) 1n a yield of 38%. LC/MS (method Al): [M+H]+:367.14,
retention time: 3.50 min.

EXAMPLE 65

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid 2-acetylaminobenzothiazol-6-yl ester

A solution of 4-fluorobenzenesulionic acid 2-acetylami-
nobenzothiazol-6-yl ester (intermediate 64) (66 mg, 0.180
mmol), N-1sopropylethylenediamine (55.2 mg, 0.540 mmol)
and cesium carbonate (58.6 mg, 0.180 mmol) 1n 2 ml of
dimethyl sulfoxide 1n a test tube, equipped with a magnetic
bar, 1s stirred overnight at 80° C. 100 ml of water are added
and the reaction medium 1s extracted with ethyl acetate. The
organic phase 1s then washed with water, dried over magne-
sium sulfate and evaporated. The residue, purified by LC/MS,
gives 43 mg of 4-(2-1sopropylaminoethylamino)benzene-
sulfonic acid 2-acetylaminobenzothiazol-6-yl ester (white
powder) 1n a yield of 33%.

LC/MS (method Al): [M+H]+: 449.35, retention time:

3.28 min.
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1H NMR spectrum at 300 MHz on a Bruker Avance DPX-
300 spectrometer with the chemaical shifts (0 1n ppm)—1in the
solvent dimethyl sulfoxide-d6 (DMSO-d, ) referenced to 2.50

ppm:
Strong presumption for the product salified with TEA with:

1.21 (d, I=7.0 Hz, 6H); 2.20 (s, 3H); 3.07 (m, 2H); from 3.20
to 3.35 (masked m, 1H); 3.41 (m, 2H); 6.72 (broad d, J=8.5
Hz, 2H); 6.93 (broadt, J=6.0 Hz, 1H); 7.01 (dd, J=2.5 and 8.5
Hz, 1H); 7.53 (broad d, J=8.5 Hz, 2H); 7.68 (d, J=8.5 Hz, 1H);
7.69 (d, J=2.5 Hz, 1H); 8.30 (broad m, 2H); 12.4 (broad s,
1H).

INTERMEDIATE 66

Preparation of 4-fluorobenzenesulfonic acid
2-(2-methoxy-acetylamino )benzothiazol-6-yl ester

A solution of 4-fluorobenzenesulionic acid 2-aminoben-
zothiazol-6-yl ester (intermediate 16) (101.2 mg, 0.312
mmol), methoxyacetic acid (84.3 mg, 0.936 mmol), HBTU
(355 mg, 0.936 mmol) and N,N-duisopropylamine (326 ul,
1.872 mmol) 1n 5 ml of dimethylformamide in a test tube,
equipped with a magnetic bar, 1s stirred for 20 hours at room
temperature. 100 ml of water are added and the reaction
medium 1s extracted with ethyl acetate. The organic phase 1s
dried over magnesium sulfate and evaporated. The residue
obtained 1s taken up 1n ethyl acetate and purified on a Varian
flash cartridge containing 5 g of silica of porosity 15-35u,
with a mixture of 1% methanol in dichloro-methane. After
evaporating off the solvent, 89 mg of 4-fluorobenzene-
sulfonic acid 2-but-3-enoylaminobenzothiazol-6-yl ester are
obtained (yellow o1l) mn a yield o1 72%. LC/MS (method Al):
IM+H]|+: 397.11, retention time: 3.59 min.

EXAMPLE

67

Preparation of
4-(2-1sopropylaminoethylamino )benzenesulionic
acid 2-(2-methoxyacetylamino)benzothiazol-6-yl

ester
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A solution of 4-(2-1sopropylaminoethylamino)benzene-
sulfonic acid 2-(2-methoxyacetylamino)benzothiazol-6-yl
ester (1ntermediate 66) (89 mg, 0.224 mmol), N-1sopropyl-
cthylenediamine (68.7 mg, 0.672 mmol) and cesium carbon-
ate (73 mg, 0.224 mmol) 1n 2 ml of dimethyl sulfoxide in a test
tube, equipped with a magnetic bar, 1s stirred overnight at 80°
C. 100 ml of water are added and the reaction medium 1s
extracted with ethyl acetate. The organic phase 1s then washed
with water, dried over magnesium sulfate and evaporated.
The residue, purified by LC/MS, gives 46.6 mg of 4-(2-
1sopropylaminoethylamino)benzenesulionic acid 2-(2-meth-

oxyacetylamino )-benzothiazol-6-yl ester (white powder) in a
yield of 43%.

LC/MS (method Al): [M+H]+: 479.33, retention time:
3.33 min.

1H NMR spectrum at 300 MHz on a Bruker Avance DPX-
300 spectrometer with the chemical shifts (0 1n ppm)—in the
solvent dimethyl sulfoxide-d, (DMSO-d,) referenced to 2.50

ppm:
Strong presumption for the product salified with TFA with:

1.21 (d, J=7.0 Hz, 6H); 3.07 (broad t, J=6.5 Hz, 2H); from
3.15t03.35 (masked m, 1H); 3.38 (s, 3H); 3.41 (m, 2H); 4.20
(s,2H); 6.72 (broad d, J=8.5 Hz, 2H); 6.93 (broad t, J=6.0 Hz,
1H); 7.03 (dd, J=2.5and 8.5 Hz, 1H); 7.53 (broad d, J=8.5 Hz,
2H);7.69 (d,J=8.5Hz, 1H);7.71 (d, J=2.5Hz, 1H); {from 8.10
to 8.45 (broad m, 2H); from 12.0 to 12.5 (very broad m, 1H).

INTERMEDIATE 638

Preparation of 4-fluorobenzenesulfonic acid
2-(cyclopentane carbonylamino)benzothiazol-6-yl
ester

A solution of 4-fluorobenzenesulionic acid 2-aminoben-
zothiazol-6-yl ester (intermediate 16) (101.2 mg, 0.312
mmol), cyclopentanecarboxylic acid (53.4 mg, 0.936 mmol),
HBTU (355 mg, 0.936 mmol) and N,N-duisopropyl-amine
(326 ul, 1.872 mmol) in 5 ml of dimethylformamide 1n a test
tube, equipped with a magnetic bar, 1s stirred for 20 hours at
room temperature. 100 ml of water are added and the reaction
medium 1s extracted with ethyl acetate. The organic phase 1s
dried over magnesium sulfate and evaporated. The residue
obtained 1s taken up 1n ethyl acetate and purified on a Varian
flash cartridge containing 5 g of silica of porosity 15-33yu,
with a mixture of 1% methanol in dichloromethane. After

evaporating off the solvent, 90 mg of 4-fluorobenzene-
sulfonic acid 2-(cyclopentane carbonylamino)benzothiazol-

6-yl ester are obtained (yellow o1l) 1n a yield of 68%. LC/MS
(method Al): [M+H]+: 421.13, retention time: 4.05 muin.
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EXAMPLE

69

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid
2-(cyclopentanecarbonylamino)benzothiazol-6-yl
ester

A solution of 4-fluorobenzenesulionic acid 2-(2-methoxy-
acetylamino)-benzothiazol-6-yl ester (intermediate 68) (90
mg, 0.214 mmol), N-isopropylethylenediamine (65.6 mg,
0.642 mmol) and cesium carbonate (69.7 mg, 0.214 mmol) 1n
2 ml of dimethyl sulfoxide 1n a test tube, equipped with a
magnetic bar, 1s stirred overnight at 80° C. 100 ml of water are
added and the reaction medium i1s extracted with ethyl
acetate. The organic phase 1s then washed with water, dried
over magnesium sulfate and evaporated. The residue, purified
by LC/MS, gives 26.2 mg ol 4-(2-1sopropylaminoethy-
lamino)benzenesulfonic acid  2-(cyclopentanecarbonyl-
amino )benzothiazol-6-yl ester (white powder) 1n a yield of
24%.

LC/MS (method Al): [M+H]+: 503.39, retention time:
3.68 min.

1H NMR spectrum at 300 MHz on a Bruker Avance DPX-

300 spectrometer with the chemical shifts (6 in ppm)—in the
solvent dimethyl sultoxide-d6 (DMSO-d,) reterenced to 2.50

ppm:
Strong presumption for the product salified with TEA waith:

1.21 (d, JI=7.0 Hz, 6H); from 1.50 to 1.80 (m, 6H); from 1.82
to 1.98 (m, 2H); 2.98 (m, 1H); 3.04 (m, 2H); from 3.15t0 3.55
(m, 3H); 6.71 (broad d, J=8.5 Hz, 2H); 6.92 (broad t, J=6.0
Hz, 1H); 7.02 (dd, JI=2.5and 8.5 Hz, 1H); 7.53 (broad d, J=8.5
Hz, 2H); from 7.65 to 7.70 (m, 2H); from 8.05 to 8.45 (very
broad m, 2H); 12.4 (broad m, 1H).

INTERMEDIATE 70

Preparation of 4-tfluorobenzenesulfonic acid
2-propionylaminobenzothiazol-6-yl ester

A solution of 4-fluorobenzenesulfonic acid 2-aminoben-
zothiazol-6-y1 ester (intermediate 16) (500 mg, 1.14 mmol),
propionic acid (253 mg, 3.42 mmol), HBTU (1.23 g, 3.42

mmol) and N,N-diuisopropylamine (737 mg, 5.7 mmol) in 6.5
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ml of dimethylformamide 1s stirred overnight at room tem-
perature. The reaction medium 1s evaporated to dryness. The
dry residue 1s extracted twice with 50 ml of ethyl acetate and
washed with water. The organic phase 1s then washed with
saturated sodium chloride solution. The organic phase 1s
dried over magnesium sulfate and then evaporated. The o1l
obtained 1s dissolved 1n 35 ml of dimethyl sulfoxide and then
purified 7 times by preparative HPLC on a Nucleodur C18,
100'10 um reverse-phase column with a gradient over 52
minutes ol 5% to 95% acetonitrile supplemented with 0.07%
tritfluoroacetic acid 1n water, supplemented with 0.07% trif-
luoroacetic acid. The flow rate 1s 70 ml/min. The fractions
containing the clean product are concentrated to give 300 mg
of 4-fluorobenzenesulfonic acid 2-propionylaminoben-
zothiazol-6-vy1 ester 1n a yield of 69%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—
in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced
to 2.50 ppm:

1.11 (t, J=7.5 Hz, 3H); 2.50 (partially masked m, 2H); 7.01
(dd, J=2.5and 8.5 Hz, 1H); 7.51 (broad t, J=9.0 Hz, 2H); 7.68
(d, J=8.5 Hz, 1H); 7.79 (d, J=2.5 Hz, 1H); 7.94 (broad dd,
J=5.5 and 9.0 Hz, 2H); 12.4 (broad s, 1H).

EXAMPLE 71

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid 2-propionylaminobenzothiazol-6-yl ester;
compound with trifluoroacetic

O S 0\84-0
< T -
N N
0O H
F N\(
0

b

A solution of 4-fluorobenzenesulfonic acid 2-propiony-
laminobenzothiazol-6-yl acid ester (intermediate 70) (300
mg, 0.789 mmol), N-isopropylethylenediamine (242 mg,
2.37 mmol) and cesium carbonate (256 mg, 0.789 mmol) in 4
ml of dimethyl sulfoxide 1s maintained at 80° C. with stirring
for 7 hours 30 minutes, and then at room temperature for 2
days. The reaction medium 1s filtered and rinsed with 8 ml of
dimethyl sulfoxide. The expected product 1s purified 3 times
by preparative HPLC under the same conditions as for inter-
mediate 70. 205 mg of 4-(2-1sopropylaminoethylamino)ben-
zenesulfonic acid 2-propionylaminobenzothiazol-6-yl ester;

compound with trifluoroacetic acid, are obtained 1n a yield of
56%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—
in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced

to 2.50 ppm:

1.11 (t, J=7.5 Hz, 3H); 1.22 (d, J=6.5 Hz, 6H); from 2.45 to
2.54 (partially masked m, 2H); 3.07 (m, 2H); from 3.22 to
3.47 (partially masked m, 3H); 6.72 (broad d, J=9.0 Hz, 2H);
6.93 (broad t, I=6.0 Hz, 1H); 7.02 (dd, J=2.5 and 8.5 Hz, 1H);
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7.53 (broad d, J=9.0 Hz, 2H); 7.67 (d, J=8.5 Hz, 1H); 7.69 (d,
J=2.5Hz, 1H); from 8.22 to 8.38 (broad m, 2H); 12.35 (broad
s, 1H).

INTERMEDIATE 72

Preparation of 4-tfluorobenzenesulfonic acid
2-butyrylamino-benzothiazol-6-yl ester

O
H > O—SO—F
\ N%N I

According to the method for intermediate 70, intermediate
72 1s synthesized using butyric acid. 80 mg of 4-fluoroben-
zenesulfonic acid 2-butyrylamino-benzothiazol-6-yl ester
are obtained 1n a yield of 18%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 in ppm)—
in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced
to 2.50 ppm:

0.92 (t, J=7.5 Hz, 3H); 1.64 (m, 2H); 2.48 (partially masked
m, 2H);7.01 (dd, J=2.5and 8.5 Hz, 1H); 7.51 (broad t, J=9.0
Hz, 2H);7.68 (d, J=8.5 Hz, 1H); 7.78 (d, J=2.5 Hz, 1H); 7.93
(broad dd, J=5.5 and 9.0 Hz, 2H); 12.4 (broad s, 1H).

EXAMPLE

73

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid 2-butyrylaminobenzothiazol-6-yl ester;
compound with trifluoroacetic acid

O S SO
S
~AT TO-
N NH
0 N\{

According to the method of example 71, example 73 1s
obtained using mtermediate 72 with N-1sopropylethylenedi-
amine. 37 mg of 4-(2-1sopropylaminoethylamino)benzene-
sulfonic acid 2-butyrylaminobenzothiazol-6-yl ester; com-

pound with trifluoroacetic acid, are obtained 1n a yield of
36%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance

DPX-300 spectrometer with the chemical shifts (6 1n ppm)—

in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced
to 2.50 ppm:

0.91 (t, JI=7.5 Hz, 3H); 1.22 (d, J=6.5 Hz, 6H); 1.63 (m, 2H);
2.47 (partially masked t, J=7.5 Hz, 2H); 3.07 (m, 2H); from
3.20 to 3.37 (masked m, 1H); 3.41 (m, 2H); 6.72 (broad d,
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J1=9.0 Hz, 2H); 6.94 (broad t, J=6.0 Hz, 1H); 7.02 (dd, J=2.5
and 8.5 Hz, 1H); 7.33 (broad d, J=9.0 Hz, 2H); 7.66 (d, J=8.5
Hz, 1H); 7.69 (d, J=2.5 Hz, 1H); 8.32 (broad m, 2H); 12.4
(broad s, 1H).

INTERMEDIATE 74

Preparation of 4-fluorobenzenesulfonic acid
2-1sobutyryl-aminobenzothiazol-6-yl ester

O . O S/_,o
N4<\ |
N O k

According to the method for intermediate 70, intermediate
74 1s synthesized using 1sobutyric acid. 75 mg of 4-fluoroben-
zenesulfonic acid 2-1sobutyryl-aminobenzothiazol-6-y1 ester
are obtained 1n a yield of 17%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (0 1n ppm)—
in the solvent dimethyl sulfoxide-d6 (DMSO-d,) referenced

to 2.50 ppm:

1.14 (d, JI=7.0 Hz, 6H); 2.79 (m, 1H); 7.02 (dd, J=2.5 and 8.5
Hz, 1H);7.51 (broad t, J=9.0 Hz, 2H); 7.68 (d, J=8.5 Hz, 1H);
7.79(d,J=2.5 Hz, 1H); 7.93 (broad dd, J=5.5and 9.0 Hz, 2H);
12.4 (broad s, 1H).

EXAMPLE 75

Preparation of
4-(2-1sopropylaminoethylamino)benzenesulionic
acid 2-1sobutyrylaminobenzothiazol-6-yl ester;
compound with trifluoroacetic acid

According to the method of example 71, example 75 1s
obtained using intermediate 74 with N-1sopropylethylenedi-
amine. 49 mg of 4-(2-1sopropyl-aminoethylamino)benzene-
sulfonmic acid 2-1sobutyrylaminobenzothiazol-6-yl  ester;

compound with trifluoroacetic acid, are obtained 1n a yield of
44%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—
in the solvent dimethyl sulfoxide-d6 (DMSO-d,) referenced

to 2.50 ppm:

1.14 (d, J=6.5 Hz, 6H); 1.22 (d, J=6.5 Hz, 6H); 2.79 (m, 1H);
3.07 (m, 2H); from 3.25 to 3.37 (masked m, 1H); 3.41 (m,
2H); 6.72 (broad d, J=9.0 Hz, 2H); 6.93 (broad t, J=6.0 Hz,
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1H);7.03(dd, J=2.5and 8.5Hz, 1H); 7.53 (broad d, J=9.0 Hz,
2H); from 7.64 to 7.70 (m, 2H); 8.30 (broad m, 2H); 12.4
(broad s, 1H).

INTERMEDIATE 76

Preparation of 4-fluorobenzenesulfonic acid
2-(cyclobutane-carbonylamino )benzothiazol-6-yl

ester
O S“‘*«./\/O\S/’O
N N © F

According to the method for intermediate 70, intermediate
76 1s synthesized using cyclobutanecarboxylic acid. 185 mg
of fluorobenzenesulionic acid 2-(cyclobutanecarbony-

lamino)benzothiazol-6-yl ester are obtained i a yield of
40%.

EXAMPLE

77

Preparation of
4-(2-1sopropylaminoethylamino )benzenesulionic
acid (2-cyclobutanecarbonylamino)benzothiazol-6-yl
ester; compound with trifluoroacetic acid

According to the method of example 71, example 77 1s
obtained using intermediate 76, with N-1sopropylethylenedi-
amine. 41 mg of 4-(2-1sopropyl-aminoethylamino )benzene-
sulfonic acid (2-cyclobutanecarbonylamino)benzo-thiazol-

6-yl ester; compound with trifluoroacetic acid are obtained 1n
a yield of 37%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—

in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced
to 2.50 ppm:

1.22(d, J=6.5Hz,6H); 1.84 (m, 1H); 1.99 (m, 1H); from 2.10
to 2.30 (m, 4H); 3.07 (m, 2H); from 3.20 to 3.4"7 (masked m,
4H); 6.72 (broad d, J=9.0 Hz, 2H); 6.97 (broad t, J=6.0 Hz,
1H);7.01 (dd, J=2.5and 8.5 Hz, 1H); 7.53 (broad d, J=9.0 Hz,
2H); 7.67 (d, J=8.5Hz, 1H);7.69(d,J=2.5Hz, 1H); {from 8.27/
to 8.44 (broad m, 2H); 12.3 (broad s, 1H).
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INTERMEDIATE 78

Preparation of 4-fluorobenzenesulfonic acid
2-butyrylamino-benzothiazol-6-yl ester

I3
PN
"

—r—10
%48 T
\ S

A solution of 4-fluorobenzenesulionic acid 2-aminoben-
zothiazol-6-yl ester (intermediate 16) (359 mg, 1.107 mmol),
butyric acid (146 mg, 1.66 mmol), HATU (631 mg, 1.66
mmol) and N,N-dusopropylethylamine (0.286 ml, 1.66
mmol) m 5.5 ml of dimethylformamide 1n a 20 ml round-
bottomed flask, equipped with a magnetic bar, 1s stirred for 8
hours at 60° C. and then left overnight at room temperature.
The reaction medium 1s extracted with ethyl acetate and
washed with water and then with 0.1 N hydrochloric acid
solution. The organic phase 1s dried over magnesium sulfate,
filtered and then evaporated to dryness. The residue obtained
(567 mg of pale vellow solid) 1s purified by chromatography
on a 40 g Biotage silica cartridge, eluting with a 9/1 toluene/
1sopropanol mixture. After evaporating oif the solvent, 239
mg of 4-fluorobenzenesulionic acid 2-butyrylaminoben-

zothiazol-6-yl ester are obtained (white solid) 1n a yield of
55%.

Mass:

LC/MS: m/z 395: [M+H]", m/z 393: [M-H]~

1H NMR spectrum at 400 MHz with the chemical shiits (6
in ppm)—in the solvent dimethyl sultoxide-d, (DMSO-d,)
referenced to 2.50 ppm:

09 ns 1 (t, J=7.5 Hz, 3H); 1.64 (m, 2H); 2.47 (partially
masked t, J=7.5 Hz, 2H); 7.01 (dd, J=2.5 and 8.5 Hz, 1H);
7.51 (broad t, 1=9.0 Hz, 2H); 7.68 (d, J=8.5 Hz, 1H); 7.79 (d,
I1=2.5 Hz, 1H); 7.93 (dd, J=6.0 and 9.0 Hz, 2H); 12.4 (broad
s, 1H).

O

EXAMPLE 79

Preparation of
4-(2-dusopropylaminoethylamino )benzenesultfonic

acid 2-butyrylaminobenzothiazol-6-yl ester
hydrochloride

<

O
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A solution of 4-fluorobenzenesulionic acid 2-butyrylami-
nobenzothiazol-6-yl ester (intermediate 78) (100 mg, 0.2
mmol) and N,N-duisopropylethylene-diamine (185 ul, 1.01
mmol) 1n 3 ml of N-methylpyrrolidone in a 5 ml microwave
vial, equipped with a magnetic bar, 1s heated for 10 minutes at
150° C. by microwave. The reaction medium 1s extracted with
cthyl acetate and washed with water. The organic phase 1s
dried over magnesium sulfate, filtered and then evaporated to
dryness. The residue obtained 1s purified by chromatography
on Merck silica (40-63 um). After evaporating off the solvent,
41 mg of a colorless o1l (crystallizes when dry) are obtained.
The product 1s dissolved in a minimum amount of ethyl
acetate, and 4 N hydrochloric acid as a solution 1n dioxane 1s
then added. The medium precipitates, and 1s concentrated,
taken up 1n water and then filtered through a Milex 45 um

10

filter. The solution precipitates, and 31 mg (28% vyield) of 1°

4-(2-dusopropylamino-ethylamino)benzenesulfonic  acid
2-butyrylaminobenzothiazol-6-yl ester hydrochloride are
obtained after vacuum f{iltration and then drying under
vacuum at 40° C.

Mass:

IE: m/z 114: (C H,),NCH2" (base peak) absence of the

molecular 10n.

IC: m/z 519 [M+H]" (base peak).

LC/MS: m/z 519 [M+H]", m/z 517: [M-H]~

H NMR spectrum at 300 MHz with the chemical shiits (6
in ppm)—in the solvent dimethyl sultoxide-d, (DMSO-d,)
referenced to 2.50 ppm:

091 (t,]=7.5Hz,3H); from 1.20to 1.32 (broad m, 12H); 1.63
(m, 2H); from 2.42 to 2.55 (partially masked t, J=7.5 Hz, 2H);
3.19 (m, 2H); 3.51 (m, 2H); 3.69 (broad m, 2H); 6.72 (broad
d,J=9.0Hz, 2H); 6.97 (broadt, J=6.0Hz, 1H); 7.02 (dd, J=2.5
and 8.5 Hz, 1H); 7.53 (broad d, J=9.0 Hz, 2H); from 7.63 to
7.69 (m, 2H); 8.78 (broad m, 1H); 12.4 (broad s, 1H).

EXAMPLE

30

Preparation of
4-(2-hydroxy-2-methylpropylamino)benzene-sulionic
acid 2-butyrylaminobenzothiazol-6-y1 ester

hydrochloride
OH
HN
\)\
\ /
O=—=>=0
ClH

e

%4\:\

N

A solution of 4-fluorobenzenesulionic acid 2-butyrylami-
nobenzothiazol-6-yl ester (intermediate 78) (135 mg, 0.34
mmol) and 1-amino-2-methylpropan-2-ol (153 mg, 1.718
mmol) 1n 3 ml of N-methylpyrrolidone in a 5 ml microwave
vial, equipped with a magnetic bar, 1s heated for 20 minutes at
150° C. by microwave. The reaction medium 1s extracted with
cthyl acetate (3x20 ml) and washed with water (4x25 ml).
The organic phase 1s dried over magnesium sulfate, filtered
and then evaporated to dryness. The residue obtained 1s puri-
fied by chromatography on silica, on an 8 g 15-35 um AIT
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column, eluting with a 9/1 ethyl acetate/cyclohexane mixture.
After evaporating off the solvent, 55 mg of a colorless solid
are obtained. The product 1s dissolved in a minimum amount
of dioxane, and 4 N hydrochloric acid dissolved 1n dioxane 1s
added. The precipitate obtained 1s filtered off by suction,
washed with dioxane and then dried under vacuum at 40° C.
to give 42 mg of 4-(2-hydroxy-2-methylpropylamino)benze-
nesulfonic acid 2-butyrylaminobenzothiazol-6-yl ester
hydrochloride, 1.¢. a yield of 25%.

Mass:

IE: m/z 463: [M™], m/z 228: [M™]-SO2PhNCH2C,H,
IC: m/z 464: [M+H]™

LC/MS: m/z 464: [IM+H]|", m/z 462: [M-H]|~

1H NMR spectrum at 400 MHz (6 1n ppm )—in the solvent
dimethyl sulfoxide-d, (DMSO-d6) referenced to 2.50 ppm:
0.93 (t, I=7.5 Hz, 3H); 1.15 (s, 6H); 1.66 (m, 2H); from 2.46
to 2.59 (partially masked m, 2H); 3.04 (s, 2H); 6.76 (broad d,
J1=9.0 Hz, 2H); 6.98 (dd, J=2.5 and 8.5 Hz, 1H); 7.42 (broad
d, J=9.0 Hz, 2H); 7.66 (d, J=8.5 Hz, 1H); 7.70 (d, J=2.5 Hz,
1H); 12.4 (broad s, 1H).

INTERMEDIATE 81

Preparation of 4-(2-hydroxy-2-methylpropylamino)
benzene-sulifonic acid 2-tert-butoxycarbonylami-
nobenzothiazol-6-yl ester

<q
<

j O O
\Y/,
O_

A solution of 4-fluorobenzenesulionic acid 2-tert-butoxy-
carbonylaminobenzo-thiazol-6-yl ester (intermediate 15)
(300 mg, 0.707 mmol), cesium carbonate (230 mg, 0.707
mmol) and 1-amino-2-methylpropan-2-ol (126 mg, 1.414
mmol) in 5 ml of dimethyl sulfoxide 1s stirred at 80° C. for 72
hours. Water 1s added to the reaction medium, and the mixture
1s extracted 3 times with ethyl acetate. The organic phase 1s
washed with saturated sodium chlornide solution and then
dried over magnestum sulfate and finally evaporated to dry-
ness to give 290 mg of 4-(2-hydroxy-2-methylpropylamino)
benzenesulionic acid 2-tert-butoxycarbonylaminobenzo-
thiazol-6-yl ester 1 a yield of 83%.

INTERMEDIATE 82

Preparation of
4-(2-hydroxy-2-methylpropylamino)benzene-sulfonic
acid 2-aminobenzothiazol-6-yl ester; compound with

tritfluoroacetic acid

ZiT

O
Pr

07 |

S P

HEN%N | P

OH
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-continued
b b O

Jan

b H

A solution of 4-(2-hydroxy-2-methylpropylamino )benze-
nesulfonic acid 2-tert-butoxycarbonylaminobenzothiazol-6-
yl ester (1intermediate 81) (170 mg, 0.344 mmol) and trifluo-
roacetic acid (14.9 g, 1307 mmol) m 10 ml of
dichloromethane and 100 ul of water 1s stirred for 2 hours at
room temperature. The reaction medium 1s evaporated to
dryness, taken up 1n ethyl acetate and washed with water, and
then with saturated sodium chloride solution. The organic
phase 1s dried over magnesium sulfate and concentrated to
dryness to give 130 mg of 4-(2-hydroxy-2-methylpropy-
lamino)benzenesulionic acid 2-aminobenzothiazol-6-yl
ester; compound with trifluoroacetic acid 1n a yield of 96%.

LC/MS: [M+H]+=394.06, retention time=2.90 muin.

INTERMEDIATE 83

Preparation of 4-(2-{6-[4-(2-hydroxy-2-methylpro-
pylamino)-benzenesulionyloxy]benzothiazol-2-
ylcarbamoyl } ethyl)piperidine-1-carboxylic acid tert-
butyl ester

A solution of 1-Boc-piperidin-4-ylpropionic acid (176 mg,
0.686 mmol), HBTU (260 mg, 0.686 mmol) and N,N-di1so-
propylethylamine (185 mg, 1.435 mmol) 1n 10 ml of dimeth-
ylformamide 1s stirred for 10 minutes. 4-(2-hydroxy-2-meth-
ylpropylamino)benzenesulionic acid 2-aminobenzothiazol-
6-yl ester; compound with trifluoroacetic acid (intermediate
82) (130 mg, 0.33 mmol) 1s added and the reaction medium 1s
stirred for 48 hours at room temperature. Water 1s added to the
reaction medium and the resulting mixture 1s then extracted 3
times with ethyl acetate. The organic phase 1s dried over
magnesium sulfate and then concentrated to dryness. The dry
residue 1s purified by reverse-phase chromatography on a
30020 mm Dynamax C18 column, with a gradient over 5
minutes of 3% to 40% acetonitrile 1n water supplemented
with 0.07% trifluoroacetic acid, and then from 40% to 80%
over 30 minutes. The fractions containing the product are
evaporated to dryness, to give 111 mg of 4-(2-{6-[4-(2-hy-
droxy-2-methylpropylamino)-benzenesulionyloxy]ben-
zothiazol-2-ylcarbamoyl }ethyl)piperidine-1-carboxylic acid
tert-butyl ester 1 a yield of 51%.

LC/MS: [M+H]+=633.00, retention time=3.94 min.
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EXAMPLE 84

Preparation of 4-(2-hydroxy-2-methylpropylamino)
benzene-sulfonic acid 2-(3-piperidin-4-ylpropiony-
lamino)benzothiazol-6-yl ester hydrochlonde

H
N

H
O N
o*'-'-'-""? OH
O

O S
—
N ClH

A solution of 4-(2-{6-[4-(2-hydroxy-2-methylpropy-
lamino )-benzenesulfonyloxy |benzothiazol-2-
ylcarbamoyl }ethyl)piperidine-1-carboxylic acid tert-butyl
ester (110 mg, 0.173 mmol) 1n 8 ml of dioxane and 8 ml of
dioxane/4N HCl 1s stirred overnight at room temperature. The
precipitate formed 1s filtered off and dissolved 1n methanol,
and the solution 1s then evaporated to dryness. The residue 1s
washed with ethyl acetate, to give 103 mg of 4-(2-hydroxy-
2-methylpropylamino )benzenesulionic acid 2-(3-piperidin-
4-ylpropionylamino )benzothiazol-6-yl ester hydrochloride
in a yield of 95%.

LC/MS (method Al):
time=2.66 min.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (0 1n ppm)—
in the solvent dimethyl sultoxide-d, (DMSO-d,) reterenced
to 2.50 ppm:

IM+H]+=533.04, retention

For 80% of the mixture, we have:

1.13 (s, 6H); from 1.22 to 1.40 (m, 2H); from 1.42 to 1.65 (m,
3H), from 1.75 to 1.85 (m, 2H); from 2.40 to 2.38 (partially
masked m, 2H); from 2.75 to 2.90 (m, 2H); 3.02 (s, 2H); from
3.15t03.30 (m, 2H); 6.73 (broad d, J=9.0 Hz, 2H); 6.97 (dd,
J=2.5and 8.5 Hz, 1H); 7.41 (broad d, J=9.0 Hz, 2H); 7.65 (d,
J=8.5 Hz, 1H); 7.70 (d, J=2.5 Hz, 1H); from 8.32 to 8.53
(broad m, 1H); from 8.65 to 8.80 (broad m, 1H); 12.4 (broad
s, 1H).

IR:KBr ps 3405; 2971; 1725; 1597; 1339; 1470; 1365;
1161; 1094; 915:; 856; 748 and 578 cm™’

EXAMPLE 85
Preparation of 5-pyridin-2-ylthiophene-2-sulifonic
acid
2-(cyclopropanecarbonylamino )benzothiazol-6-yl
ester
7N
\—
S
O
()
O o”-—-’"?
S ‘ o
% Q{
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A solution of cyclopropanecarboxvlic acid (6-hydroxy-
benzothiazol-2-yl)amide (intermediate 6) (60 mg, 0.256
mmol), pyridine (80 ul, 0.991 mmol), 4-dimethylaminopyri-
dine (3 mg, 0.025 mmol) and 5-(2-pyridyl)thiophene-2-sul-
tonyl chloride (99 mg, 0.384 mmol) in 2 ml of acetone 1s
stirred for 24 hours at 40° C. The reaction medium 1s concen-
trated to dryness, taken up 1n 2 ml of DMSO and purnified 4
times by preparative LC/MS (method B) to give 10 mg of
S-pyridin-2-ylthiophene-2-sulfonic acid 2-(cyclopropan-
ecarbonyl-amino)benzothiazol-6-yl ester.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—

in the solvent dimethyl sulfoxide-d6 (DMSO-d,) referenced
to 2.50 ppm:

from 0.98 to 1.10 (m, 4H); 1.90 (m, 1H); 7.15 (broad d, J=8.5
Hz, 1H); from 7.30 to 7.38 (i, 2H); 7.61 (d, J=4.0 Hz, 1H);
7.67 (broad s, 1H); 7.77 (d, J=4.0 Hz, 1H); 7.87 (broad t,
J=8.0 Hz, 1H); 7.99 (broad d, J=8.0 Hz, 1H); 8.55 (broad d,
J1=5.0 Hz, 1H); 13.5 (broad m, 1H).

MS:IE m/z=457 M™™
m/z=389 (M—C,H,0)"
m/z=325 (m/z=389-S0,)""
m/z=69 C,H.O+base peak

EXAMPLE

37

Preparation of 4-(1-oxyl-2,2,6,6-tetramethylpiperi-
din-4-ylamino)-benzenesulionic acid 2-(cyclopro-
panecarbonylamino)benzothiazol-6-yl ester

H
N
O
O S OM“S N\O'
I

A solution of 4-fluorobenzenesulifonic acid 2-(cyclopro-
panecarbonylamino)-benzothiazol-6-yl ester (example 7)
(0.352 mmol, 138 mg), 4-amino-TEMPO (0.387 mmol, 66

mg) and cesium carbonate (0.352 mmol, 114 mg)in 3.5 ml of

dimethylsulfoxide is stirred for 24 hours. 4-Amino-TEMPO
1s added twice (2 times 66 mg) aiter 24 and 48 hours. After 48
hours, the reaction 1s placed at room temperature for 48 hours.
The solution 1s then diluted with water, extracted with ethyl
acetate, washed with saturated sodium chloride solution and
dried over sodium sulfate, and then evaporated to dryness, to
give 258 mg of crude product. This product 1s purified by flash
chromatography on a cartridge of 5 g of silica. The eluents
used are, respectively, dichloromethane and then dichlo-
romethane with 1% of 7M 0.01% ammoniacal methanol. 28
mg of 4-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-ylamino)
benzenesulfonic acid 2-(cyclopropanecarbonylamino)ben-
zothiazol-6-yl ester are obtained 1n a yield of 14%.

MS:ES m/z=544 MH™ base peak
IR:KBr

3388; 3252; 2925; 1686; 1598; 1546; 1451; 1327, 1266,
1167; 1094; 907; 852 and 747 cm ™"
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INTERMEDIATE 838

Synthesis of 4-[2-(bis-benzyloxyphosphoryloxy)-2-
methyl-propylamino Jbenzenesulfonic acid 2-(cyclo-
propanecarbonylamino)benzo-thiazol-6-yl ester

O S O*-..S#O
~ 1T TN,
N S
O

~
O=pZ o

b )

A solution of 4-(2-hydroxy-2-methylpropylamino )benze-
nesulfonic 2-(cyclopropanecarbonylamino)benzothiazol-6-
yl ester (example 11) (0.855 mmol, 394 mg), 1H-tetrazole
(2.563 mmol, 179 mg) and dibenzyl diisopropyl phosphora-
midite (1.70 mmol, 590 mg) in 6.4 ml of dichloromethane 1s
stirred at room temperature for 2 hours. The reaction medium
1s cooled to 7° C. and a solution of 3-chloroperoxybenzoic
acid (1.025 mmol, 252 mg) in 1.2 ml of dichloromethane 1s
added slowly. The reaction medium 1is stirred overnight.

10 ml of 1 M sodium metabisulfite solution are added. The
organic phase 1s then washed with 10 ml of 1 M sodium
metabisulfite solution, with twice 10 ml of saturated sodium
bicarbonate solution and then with 10 ml of saturated sodium
chloride solution.

The organic phase 1s dried over magnesium sulfate, filtered
and concentrated to dryness. The dry residue obtained 1is
dissolved in dichloromethane and then purified on an Inter-
chim flash cartridge containing 50 g of silica of porosity
15-35 um, with a gradient of 20% to 50% ethyl acetate 1n
cyclohexane. After evaporating the solvent from the fractions
containing the expected product, 419 mg of 4-[2-(bis-benzy-
loxyphosphoryloxy)-2-methylpropylamino]benzenesulfonic
acid 2-(cyclopropane carbonylamino)-benzothiazol-6-yl
ester are obtained 1n a yield of 68%.

LC/MS (method Al): [M+H]+=722.13, retention time:
4.13 min.

EXAMPLE 89

Synthesis of 4-(2-methyl-2-phosphonooxypropy-
lamino)benzene-sulfonic acid 2-(cyclopropanecarbo-
nylamino)benzothiazol-6-vy1 ester

I O~
%

O
7
OU=pZo

\
O
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300 mg of 10% palladium-on-charcoal are added to a solu-
tion of 4-[2-(bis-benzyloxyphosphoryloxy)-2-methylpropy-
lamino]benzenesulfonic acid  2-(cyclopropanecarbony-
lamino)benzothiazol-6-yl ester (intermediate 88) (0.441
mmol, 318 mg) and ammonium formate (4.41 mmol, 278 mg)
in 15 ml of ethanol.

The reaction medium 1s refluxed overnight with stirring.
LC/MS analysis indicates that there 1s monobenzyl product
remaining. 280 mg (4.41 mmol) of ammonium formate and
100 mg of 10% palladium-on-charcoal are added and the
reaction medium 1s refluxed for 6 hours. The reaction medium
1s filtered and then concentrated. The o1l obtained is returned
to reaction with 278 mg of ammonium formate (4.41 mmol)
and 300 mg of 10% palladium-on-charcoal 1n 15 ml of etha-
nol. The reaction medium 1s refluxed for 1 hour 20 minutes
with stirring. The reaction medium 1s filtered and concen-
trated to dryness. The residue obtained 1s purified by prepara-
tive LC/MS (method B) to give 6.2 mg of 4-(2-methyl-2-
phosphonooxypropylamino)benzenesulionic acid

2-(cyclopropanecarbonylamino)benzothiazol-6-yl ester in a
yield of 3%.

NMR: 1H NMR spectrum at 300 MHz on a Bruker Avance
DPX-300 spectrometer with the chemical shifts (6 1n ppm)—
in the solvent dimethyl sulfoxide-d, (DMSO-d,) referenced

to 2.50 ppm:

from 0.90 to 1.01 (m, 4H); 1.41 (s, 6H); 2.00 (m, 1H); from
3.10 to 3.50 (masked m, 2H); 6.75 (broad d, J=9.0 Hz, 2H);
6.89 (broad t, I=6.0 Hz, 1H); 7.97 (dd, J=2.5 and 8.5 Hz, 1H);
7.43 (broad d, J=9.0 Hz, 2H); 7.66 (d, J=8.5 Hz, 1H); 7.70 (d,
J1=2.5Hz, 1H); 12.7 (broad s, 1H).

Experimental Protocols on the Biochemical Tests
1. Protocol CDK2/cyclin E:

Purification of the CDK2/cyclin E-(His), Complex by IMAC
(Immobilized Metal Affinity Chromatography):

Two recombinant baculoviruses bearing the human
sequences coding, respectively, for CDK?2 and cyclin E (the
latter comprising a C-terminal hexahistidine tag) are used to
coinfect insect S121 cells. Two to three days after the start of
coinfection, the cells are harvested by centrifugation and then
stored at —40° C. until the time of use. After thawing and
mechanical lysis of the cells, the complex present 1n the lysis

supernatant 1s purified by affinity chromatography on nickel
(IMAC), and stored at —80° C.

CDK2/cyclin E Flashplate Test in 96-Well Format

A Tormat 1n 96-well plates coated with streptavidin 1s used
to test the activity of the compounds on the kinase activity of
CDK2/cyclin E.

To perform this test, the biotinylated peptide substrate, a
fragment of the pRb protein (biotinyl-SACPLNLPLQN-
NHTAADMYLSPVRSPKKKGSTTR-OH) 1s dissolved at a
concentration of 1 mM 1n kinase butier (HEPES/NaOH 50
mM, NaCl 1 mM, MgCl, 5 mM, pH 7.5) 1n order to constitute
a stock solution stored at -20° C. in the form of 110 ul
aliquots. On the day of the experiment, an aliquot of this
solution 1s thawed and diluted 1n kinase butffer containing 1
mM of dithiothreitol, and added to the bulfer extemporane-
ously, 1n order to obtain a concentration of 14.3 uM. 70 ul of
this solution are added to each well of the Flashplate in order
to obtain a final substrate concentration of 10 uM during the
enzymatic reaction, performed 1n a final volume of the reac-
tion medium of 100 ul (ct. below).

Intermediate dilutions of inhibitors (products of the mven-

tion) at various concentrations are prepared in DMSO from
stock solutions at 10 mM 1n separate tubes. 1000 uM, 333.3
uM, 111.1 uM, 37.03 uM, 12.35 uM, 4.11 uM and 1.37 uM
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dilutions are thus prepared. 1 ul of each of these solutions (or
1 ul of DMSQO for the controls) 1s transierred into the wells of
the test plate.

Into each well are then added 19 ul of a solution of a
mixture of adenosine triphosphate (ATP) and of ATP **P in
the kinase buller at a concentration of 5.26 uM of ATP total
and 52.6 uCi/ml of °°P. The enzymatic reaction is triggered by
addition of 10 ul per well of a solution of CDK?2/cyclin E at
200 nM 1n the kinase butifer containing 1 mM of dithiothreitol
(or 10 ul of kinase builer containing 1 mM of dithiothreitol for
the reaction blanks).

After addition of each of the reagents, the final volume of
cach well 1s 100 ul, the final substrate concentration 1s 10 uM,
the final inhibitor concentrations are 10 uM, 3.33 uM, 1.11
uM, 0.37 uM, 0.123 uM, 0.041 uM and 0.014 uM (according
to the concentration of the intermediate dilution), the final
ATP concentration is 1 pM, the final amount of *°P is 1
uCr/'well and the final concentration of CDK?2/cyclin E com-
plex 1s 20 nM. After addition of all the reagents, the plate 1s
incubated at 30° C. with orbital stirring at 650 rpm.

When the incubation 1s complete, the plate 1s washed three
times with 300 ul per well of PBS (phosphate-builered saline,
pH=7.4, without calcium or magnesium, reference 10010-
015, Gibco BRL). The incorporation of >*P into the peptide is
quantified by scintillation counting using a Packard Top-
count. NXT machine. The inhibitory activity of the products
of the invention 1s evaluated by measuring the inhibitory
concentration that allows a 50% reduction 1n the enzymatic
activity (I1C50).

2. CDK4/cyclin D1 Protocol:

Purification of the CDK4-HA/cyclin D1-(His), Complex by
IMAC (Immobilized Metal Affinity Chromatography):

Two recombinant baculoviruses bearing the human
sequences coding, respectively, for CDK4-HA (C-terminal
fusion with the hemaglutinin tag) and for cyclin D1-(His), are
used to coinfect isect S19 cells. Sixty hours after the start of
the coinfection, the cells are harvested by centrifugation and

then frozen at —20° C. until the time of use. After thawing in
butfer A (HEPES 200 mM pH 7.0, NaCl 50 mM, Mg(Cl,2

mM, imidazole 25 mM, TCEP 1 mM, glycerol 10% (p/v),
NaF 1 mM, Na,VO, 1 mM), stirring for 1 hour at 4° C. and
centrifugation, the complex present in the lysis supernatant 1s
purified by aflinity chromatography on mickel (IMAC) and
stored at —80° C.

CDK4/cyclin D1 Flashplate Test in 96-Well Format

A test 1n 96-well “Flashplate™ plates coated with strepta-
vidin 1s used to evaluate the inhibition of the CDK4/cyclin D1
kinase complex by the products of the invention. To perform
this test, the biotinylated peptide substrate, a fragment of the
pRb protein (biotinyl-RPPTLSPIPHIPRSPYKFPSSPLR-
amide) 1s dissolved at a concentration of 2 mM in kinase
buiter ( HEPES/NaOH 50 mM, NaCl 1 mM, MgCl, SmM, pH
7.5) 1n order to constitute a stock solution stored at —20° C. 1n
the form of 110 ul aliquots. On the day of the experiment, an
aliquot of this solution 1s thawed and diluted 1n kinase butfer
containing 1 mM of dithiothreitol, and added to the buffer
extemporaneously, 1n order to obtain a final peptide concen-
tration of 2.571 uM. 70 ul of this solution are added to each
well of the Flashplate 1n order to obtain a final substrate
concentration of 1.8 uM during the enzymatic reaction, per-
formed 1n a final volume of the reaction medium of 100 ul (cf.
below). Intermediate dilutions of inhibitors (products of the
invention) at various concentrations are prepared in DMSO
from stock solutions at 10 mM 1n separate tubes. 1000 uM,
3333 uM, 111.1 uM, 37.03 uM, 12.35uM, 4.11 uM and 1.37

uM dilutions are thus prepared. 1 ul of each of these solutions
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(or 1 ul of DMSO for the controls) 1s then transferred into the
wells of the test plate. Into each well are then added 19 ul of
a solution of a mixture of adenosine triphosphate (ATP) and
of ATP;’ °P in the kinase buffer at a concentration of 5.26 pM
of ATP total and 78.9 uCi/ml of °°P. The enzymatic reaction is
triggered by addition of 10 ul per well of a solution of CDK4/
cyclin D1 at 250 nM 1n the kinase builer containing 1 mM of
dithiothreitol (or 10 ul of kinase buifer containing 1 mM of
dithiothreitol for the reaction blanks). After the various addi-
tions, the final volume 1n each well 1s 100 ul, the final sub-
strate concentration 1s 1.8 uM, the final inhibitor concentra-
tions are 10 uM, 3.33 uM, 1.11 uM, 0.37 uM, 0.123 uM, 0.041
uM and 0.014 uM (according to the concentration of the
intermediate dilution), the final ATP concentration 1s 1 uM,
the final amount of >°P is 1.5 uCi/well and the final concen-
tration of CDK4/cyclin D1 complex 1s 25 nM.

After addition of all the reagents, the test plate 1s incubated
at 30° C. with orbital stirring at 650 rpm. After the incubation,
the plate 1s washed three times with 300 ul per well of PBS
(phosphate-buifered saline, pH=7.4, without calcium or mag-
nesium, reference 10010-0135, Gibco BRL). The incorpora-
tion of P into the substrate peptide is quantified by scintil-
lation counting using a Packard Topcount.NXT machine. The
inhibitory activity of the products of the invention s evaluated
by measuring the inhibitory concentration that allows a 50%
reduction in the enzymatic activity (IC50).

3. Aurora 2

The 1nhibitory etiect of the compounds toward the kinase
Aurora 2 1s determined via a radioactivity scintillation test.
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A complete recombinant Aurora 2 enzyme, the N-terminal
end of which was labeled with histidine, was expressed 1n E.
coli and purified to a quality close to homogeneity.

The C-terminal fragment (Q1687-H2101) of an NuMA
(nuclear protein which is associated with the Mitotic Appa-
ratus) expressed i E. coli, and the N-terminal end of which
was labeled with histidine, was purified by chromatography
with nickel chelate and used as substrate in the Aurora 2
kinase test.

The kinase activity of Aurora 2 1s measured by scintillation

on a microplate saturated with nickel chelate (New England
Nuclear, SMP107 model). Each well contains 100 ul of the

following solution: 0.02 uM of Aurora 2; 0.5 uM of NuMA
substrate; 1 uM of ATP supplemented with 0.5 uCi of ATP-
[>°P]. The solutions are incubated for 45 minutes at 37° C.
The test butler 1s then removed and the wells are rinsed twice
with 300 ul of kinase butfer. The radioactivity 1s measured in
cach well using a Packard Model Top Count NXT machine.

The background noise 1s measured 1n duplicate 1n wells
containing the radioactive ATP alone containing builered
kinase treated 1in the same manner as for the other samples.

The activity of the control 1s determined by measuring 1n
duplicate the radioactivity 1in the complete test mixture (ATP,
Aurora 2 and NuMA substrate), in the absence of test com-
pound.

The mhibition of the activity of Aurora 2 with a compound
of the invention 1s expressed as a percentage of inhibition of
the control activity 1n the absence of test compound. Stauro-
sporin 1s added to each plate as ihibition control.
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Aurora 2 CDK4 CDK2 EC30
IC50 IC50 IC50 (nM)
Example nM nM nM DG
5 3974 995
7 >10000 123 1577
8 899 86 631
9 65 931 68 611
10 34 944 92 807
11 105 924 19 80
12 172 205 25 16
13 6863 678 841
18 480 2683
19a 471 2720
19b 732 5470
19¢ 1223 5782
21 539 227 2462
22a 609 634
22b 783 547
22¢ 1570 1099
22d 708 69 5336
24 1670 864 >12500
25a 1700 365 >12500
25b 4077 5871 9962
25¢ 3888 2644 >12500
28 399 266 1328
29a 573 257 1826
29b 368 161 8955
33a 436 >10000 3240
33b >10000 6341
33c >10000 8267
33d 8271 2947
33f 7101 1838
33g 1901 >10000 5003
33h 68 358 6981 4427
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What 1s claimed 1s:
1. A compound of general formula (I):

(D)
O

A
/ S
§4<N 0// \\o

wherein:

X represents a covalentbond or (CH, ), , wherenequals 1 or
2;

Ar represents an aryl or heteroaryl group, where the aryl or
heteroaryl group 1s optionally substituted with a group
chosen from alkyl, halogen, and NR R, (where R, and
R, are chosen from hydrogen, alkyl and cycloalkyl, or
R, and R, may together form a heterocyclic or heteroaryl
radical, these groups themselves being optionally sub-
stituted), or the aryl or heteroaryl group 1s optionally
substituted with a group chosen from SO,alkyl, Salkyl,
alkoxy, heteroaryl and aryl; and

R represents hydrogen, an alkyl, cycloalkyl, heterocy-
cloalkyl, alkoxy, cycloalkoxy, heterocycloalkoxy or
amino group where R may be optionally substituted with
one or more groups chosen from alkyl, cycloalkyl, het-

erocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy,
heterocycloalkoxy, hydroxyl, halogen and amino; or

a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein the substitu-
ents on the groups R, and R, are chosen from hydroxyl,
heteroaryl, and cycloalkyl.

3. A compound according to claim 1, wherein the alkyl
groups are straight or branched chains containing 1 to 10
carbon atoms.

4. A compound according to claim 1, wherein the
cycloalkyl groups are cyclic alkyl chains containing 3 to 10
carbon atoms.
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5. A compound according to claim 1, wherein the hetero-
cycloalkyl groups are cyclic alkyl chains containing 3 to 10
carbon atoms and containing at least one hetero atom chosen

from O, N and S.

6. A compound according to claim 1, wherein, on the
groups NR | R, one of the groups R, or R, 1s a hydrogen atom.

7. A compound according to claim 1, wherein all the groups
R, R, and R, are optionally substituted with an alkyl,
cycloalkyl, heterocycloalkyl, heteroaryl, aryl, amino,
hydroxyl, alkoxy or halogen group.

8. A compound according to claim 1, wherein the aryl and
heteroaryl radicals are chosen from monocyclic radicals
optionally comprising one or more hetero atoms chosen from
O, N and S, orradicals fused to another 3- or 6-membered ring
and optionally comprising 1 to 3 hetero atoms chosen from O,

N and S.

9. A compound according to claim 1, wherein the aryl or
heteroaryl radicals are chosen from optionally substituted
phenyl, pyridyl, pyrimidine, triazinyl, pyrrolyl, imidazolyl,
thiazolyl, furyl, thienyl, indolyl, azaindazolyl, isobenzofuryl,
1sobenzothienyl, benzoxazolyl, benzothiazolyl, quinolyl, 1so-
quinolyl, cinnolyl, quinazolyl, naphthyridyl, triazolyl and tet-
razolyl groups.

10. The compound according to claim 9, wherein the aryl
and heteroaryl groups are chosen from optionally substituted
phenyl, thienyl, and 1midazolyl groups.

11. The compound according to claim 10, wherein the

phenyl group 1s substituted with a group chosen from amino
monoalkylamino and halogen.

12. The compound according to claim 11 wherein the halo-
gen 15 chosen from chlorine and fluorine.

13. The compound according to claim 11, wherein the aryl
groups are chosen from di- and trifluorophenyls and
monoalkylaminophenyls.

14. The compound according to claim 1, wherein X repre-
sents a covalent bond.

15. The compound according to claim 1, wherein R repre-
sents a cycloalkyl radical.
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16. A compound selected from the group consisting of:

4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-[(piperidine-4-carbonyl)-amino]benzothiazol-6-
yl ester;

4-fluorobenzenesulfonic acid 2-(cyclopropanecarbony-
lamino )benzothiazol-6-yl ester;

4-cyclopentylaminobenzenesulionic acid 2-(cyclopropan-

ecarbonylamino)benzothiazol-6-yl ester;
4-(3-1midazol-1-ylpropylamino)benzenesulionic acid
2(cyclopropanecarbonylamino )benzothia 6-yl ester;
4-methylaminobenzenesulfonic acid 2-(cyclopropanecar-
bonylamino )benzothiazol-6-yl ester;
4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-(cyclopropanecarbonylamino)-benzothiazol-6-
yl ester;
4-(2-dusopropylaminoethylamino )benzenesulionic
2-(cyclopropanecarbonylamino)-benzothiazol-6-yl
ester,
4-14-(4-pynid-3-ylimidazol-1-yl)butylamino|benzene-
sulfonic acid 2-(cyclopropanecarbonyl-amino)ben-
zothiazol-6-yl ester;
4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-(2-piperid-4-ylacetylamino)-benzothiazol-6-yl ester
hydrochloride;
4-(3-1midazol-1-ylpropylamino)benzenesulionic
2-(2-piperid-4-ylacetylamino)benzothiazol-6-yl
hydrochloride;
4-(2-ethylaminoethylamino)benzenesulfonic acid 2-(2-pi-
perid-4-ylacetylamino)benzothiazol-6-yl ester hydro-
chloride:
4-12-(2-hydroxyethylamino)ethylamino]benzenesulionic
acid 2-(2-piperid-4-ylacetyl-amino)benzothiazol-6-yl
ester hydrochloride;
4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-(2-piperid-4-ylacetylamino)-benzothiazol-6-yl
ester hydrochloride;

acid

acid
ester

4-(2-1sopropylaminoethylamino)benzenesulfonic  acid
2-(8-aminooctanoylamino)benzothiazol-6-yl ester
hydrochloride;

4-(3-imidazol-1-ylpropylamino)benzenesulfonic acid
2-(8-aminooctanoylamino)benzothiazol-6-yl ester

hydrochloride;

4-(2-ethylaminoethylamino)benzenesulionic acid 2-(8-
aminooctanoylamino)benzothiazol-6-yl ester;

4-12-(2-hydroxyethylamino)ethylamino]benzenesulfonic
acid 2-(8-aminooctanoylamino)benzo-thiazol-6-yl ester
hydrochloride;

4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-(8-aminooctanoylamino)-benzothiazol-6-yl ester
hydrochloride;

4-(2-1sopropylaminoethylamino)benzenesulfonic  acid
2-(3-piperid-4-ylpropionylamino)-benzothiazol-6-yl
ester hydrochloride;

4-(3-1midazol-1-ylpropylamino)benzenesulionic acid
2-(3-piperid-4-ylpropionylamino)-benzothiazol-6-yl
ester hydrochloride;

4-(2-ethylaminoethylamino )benzenesulfonic acid 2-(3-pi-
perid-4-ylpropionylamino )benzothiazol-6-yl ester
hydrochloride;

4-12-(2-hydroxyethylamino )ethylamino]benzenesulionic
acid 2-(3-pipernid-4-ylpropionyl-amino)benzothiazol-6-
yl ester hydrochloride;

4-1sobutylaminobenzenesulifonic acid  2-(2-piperid-4-
ylacetylamino )benzothiazol-6-yl ester hydrochloride;

4-1sobutylaminobenzenesulifonic acid 2-(3-piperid-4-yl-
propionylamino)benzothiazol-6-yl ester hydrochloride;
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4-1sobutylaminobenzenesulionic acid 2-(8-aminooctanoy-
lamino)benzothiazol-6-yl ester hydrochloride;

thiophene-2-sulfonic  acid  2-[(piperidine-4-carbonyl)
amino |benzothiazol-6-yl ester; compound with trifluo-
roacetic acid;

thiophene-2-sulfonic acid  2-(3-piperid-4-ylpropiony-
lamino )benzothiazol-6-yl ester; compound with trifluo-
roacetic acid;

thiophene-2-sulfonic acid 2-(2-aminoacetylamino)ben-
zothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(2-methylaminoacetylamino)
benzothiazol-6-yl ester; compound with trifluoroacetic
acid;

thiophene-2-sulfonic acid 2-(3-aminopropionylamino)
benzothiazol-6-yl ester; compound with trifluoroacetic
acid;

thiophene-2-sulfonic acid 2-(8-aminooctanoylamino)ben-
zothiazol-6-yl ester; compound with trifluoroacetic
acid;

thiophene-2-sulfonic acid 2-(3-diethylaminopropiony-
lamino )benzothiazol-6-yl ester; compound with trifluo-
roacetic acid;

thiophene-2-sulfonic  acid  2-(cyclopropanecarbony-
lamino )benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic
2-[(azetidine-3-carbonyl)-amino]benzothiazol-6-yl
cster;

4-(2-dusopropylaminoethylamino)benzenesulionic
2-(8-aminooctanoylamino )benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-[(1-aminocyclopentane-carbonyl)amino]benzothia-
70l-6-v1 ester;

4-(2-dusopropylaminoethylamino )benzenesulifonic  acid
2-(2-piperid-4-ylacetylamino)-benzothiazol-6-yl ester;

acid

acid

4-(2-dusopropylaminoethylamino )benzenesulifonic  acid
2-acetylaminobenzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino)benzenesultonic acid

2-(2-methoxyacetylamino)benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic
2-(cyclopentanecarbonyl-amino)benzothiazol-6-yl
cster;

acid

4-(2-dusopropylaminoethylamino)benzenesulionic  acid
2-(6-aminohexanoylamino )benzothiazol-6-yl ester
hydrochloride;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-(7-aminoheptanoyl-amino)benzothiazol-6-yl  ester
hydrochloride;

4-(2-1sopropylaminoethylamino)benzenesulionic  2-(cy-
clopropanecarbonylamino )benzothiazol-6-yl ester
hydrochloride;

4-(2-dusopropylaminoethylamino )benzenesulifonic  acid

2-1sobutyrylaminobenzothiazol-6-yl ester hydrochlo-
ride;

4-(2-dusopropylaminoethylamino )benzenesulifonic  acid
2-propionylaminobenzothiazol-6-yl ester hydrochlo-
ride;

4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-propionylaminobenzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic  acid
2-(cyclobutane-carbonylamino)benzothiazol-6-yl ester
hydrochloride;

4-fluorobenzenesulfonic acid 2-(3-pyridin-3-ylpropiony-
lamino)benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulifonic  acid
2-(3-pynidin-3-yl-propionylamino )benzothiazol-6-yl
ester hydrochloride;
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4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-(3-pyridin-3-yl-propionylamino)benzothiazol-6-
yl ester hydrochloride;
4-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-ylamino)benze-
nesulfonic acid 2-(cyclopropanecarbonylamino)ben-
zothiazol-6-yl ester;
4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-(3-piperidin-4-yl-propionylamino)benzothiazol-
6-yl ester hydrochloride;
4-(2-dusopropylaminoethylamino )benzenesulfonic acid
2-butyrylaminobenzothiazol-6-yl1 ester hydrochlornde;
4-(2-1sopropylaminoethylamino)benzenesulfonic  acid
2-butyrylaminobenzothiazol-6-yl ester; compound with
trifluoroacetic acid;
4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-1sobutyrylaminobenzothiazol-6-yl ester; compound
with trifluoroacetic acid;
4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-butyrylaminobenzothiazol-6-yl ester hydrochlo-
ride;
4-(2-1sopropylaminoethylamino)benzenesulfonic  acid
2-propionylaminobenzothiazol-6-yl ester; compound
with trifluoroacetic acid;

4-(2-1sopropylaminoethylamino)benzenesultonic  acid
2-acetylaminobenzothiazol-6-y1 ester;
4-(2-1sopropylaminoethylamino)benzenesulfonic  acid

2-acetylaminobenzothiazol-6-y1 ester hydrochloride;

4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-(2-methoxyacetylamino )benzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino )benzenesulionic acid
2-(cyclopentane-carbonylamino )benzothiazol-6-yl
cster,

4-(2-1sopropylaminoethylamino )benzenesulionic acid

2-(cyclobutanecarbonyl-amino)benzothiazol-6-vyl ester;
compound with trifluoroacetic acid;
1-methyl-1H-1midazole-4-sulfonic acid 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester;
S-pyridin-2-ylthiophene-2-sulfonic acid 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester; and

4-(2-methyl-2-phosphonooxypropylamino )benzene-
sulfonic acid 2-(cyclopropanecarbonylamino)ben-
zothiazol-6-vy1 ester.

17. A compound which 1s 4-(2-1sopropylaminoethy-
lamino)benzenesulionic acid 2-acetylaminobenzothiazol-6-
yl ester, or a pharmaceutically acceptable salt thereof.

18. A compound selected from the group consisting of:

4-(2-hydroxy-2-methylpropylamino)benzenesulionic

acid 2-[(piperidine-4-carbonyl)-amino]benzothiazol-6-
yl ester;

4-fluorobenzenesulfonic acid 2-(cyclopropanecarbony-

lamino )benzothiazol-6-yl ester;
4-cyclopentylaminobenzenesulionic acid 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester;
4-(3-imidazol-1-ylpropylamino)benzenesulfonic
2-(cyclopropanecarbonylamino)benzothia-zol-6-yl
ester;
4-methylaminobenzenesulfonic acid 2-(cyclopropanecar-
bonylamino)benzothiazol-6-yl ester;

4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-(cyclopropanecarbonylamino)-benzothiazol-6-
yl ester;

4-(2-dusopropylaminoethylamino )benzenesulionic

2-(cyclopropanecarbonylamino)-benzothiazol-6-yl
ester;

4-14-(4-pynd-3-ylimidazol-1-yl)butylamino |benzene-

sulfonic acid 2-(cyclopropanecarbonyl-amino)ben-
zothiazol-6-yl ester;

acid

acid
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4-(2-1sopropylaminoethylamino))benzenesulionic acid
2-(2-pipenid-4-ylacetylamino)-benzothiazol-6-yl ester;

4-(3-1midazol-1-ylpropylamino )benzenesulionic acid
2-(2-pipenid-4-ylacetylamino)benzothiazol-6-yl ester;

4-(2-ethylaminoethylamino)benzenesulionic acid 2-(2-pi-
perid-4-ylacetylamino)benzothiazol-6-yl ester;

4-[12-(2-hydroxyethylamino)ethylaminoJbenzenesulionic
acid 2-(2-piperid-4-ylacetyl-amino)benzothiazol-6-yl
ester;

4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-(2-piperid-4-ylacetylamino)-benzothiazol-6-yl
cster;

4-(2-1sopropylaminoethylamino)benzenesulionic
2-(8-aminooctanoylamino )benzothiazol-6-yl ester;

4-(3-1midazol-1-ylpropylamino )benzenesulfonic
2-(8-aminooctanoylamino )benzothiazol-6-yl ester;

4-(2-cthylaminoethylamino)benzenesulionic acid 2-(8-
aminooctanoylamino)benzothiazol-6-yl ester;

4-[2-(2-hydroxyethylamino)ethylamino]benzenesulionic
acid 2-(8-aminooctanoylamino )-benzo-thiazol-6-yl
cster;

4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-(8-aminooctanoylamino)-benzothiazol-6-yl
cster;

4-(2-1sopropylaminoethylamino)benzenesulionic  acid
2-(3-pipernid-4-ylpropionylamino)-benzothiazol-6-yl
ester 4-(3-1midazol-1-ylpropylamino)benzenesulfonic
acid 2-(3-piperid-4-ylpropionylamino)-benzothiazol-6-
yl ester;

4-(2-ethylaminoethylamino)benzenesulfonic acid 2-(3-pi-
perid-4-ylpropionylamino )benzothiazol-6-y1 ester;

4-12-(2-hydroxyethylamino)ethylamino Jbenzenesulionic
acid 2-(3-piperid-4-ylpropionyl-amino )benzothiazol-6-
yl ester;

4-1sobutylaminobenzenesulionic  acid  2-(2-piperid-4-
ylacetylamino )benzothiazol-6-yl ester;

4-1sobutylaminobenzenesulionic acid 2-(3-piperid-4-yl-
propionylamino)benzothiazol-6-yl ester;

4-1sobutylaminobenzenesulionic acid 2-(8-aminooctanoy-
lamino )benzothiazol-6-yl ester;

thiophene-2-sulfonic acid  2-[(piperidine-4-carbonyl)
amino |benzothiazol-6-yl ester;

thiophene-2-sulfonic acid  2-(3-piperid-4-ylpropiony-
lamino )benzothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(2-aminoacetylamino)ben-
zothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(2-methylaminoacetylamino)
benzothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(3-aminopropionylamino)
benzothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(8-aminooctanoylamino)ben-
zothiazol-6-yl ester;

thiophene-2-sulfonic acid 2-(3-diethylaminopropiony-
lamino )benzothiazol-6-yl ester;

thiophene-2-sulfonic  acid  2-(cyclopropanecarbony-
lamino )benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulionic
2-[(azetidine-3-carbonyl)-amino]benzothiazol-6-yl
ester;

4-(2-dusopropylaminoethylamino)benzenesulionic
2-(8-aminooctanoylamino )benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic  acid
2-[( 1-aminocyclopentane-carbonyl )amino]benzothia-
70l-6-v1 ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-(2-piperid-4-ylacetylamino)-benzothiazol-6-yl ester;

acid

acid

acid

acid
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4-(2-dusopropylaminoethylamino)benzenesulionic  acid
2-acetylaminobenzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-(2-methoxyacetylamino )benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-(cyclopentanecarbonyl-amino )benzothiazol-6-yl
ester;

4-(2-dusopropylaminoethylamino )benzenesulfonic  acid

2-(6-aminohexanoylamino )benzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino )benzenesulfonic acid

2-(7-aminoheptanoyl-amino)benzothiazol-6-yl ester;
4-(2-1sopropylaminoethylamino)benzenesulfonic  2-(cy-

clopropanecarbonylamino)benzothiazol-6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulfonic  acid
2-1sobutyrylaminobenzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino)benzenesulfonic  acid

2-propionylaminobenzothiazol-6-yl ester;
4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-propionylaminobenzothiazol-6-yl ester;
4-(-2-duiisopropylaminoethylamino )benzenesulfonic acid
2-(cyclobutane-carbonylamino)benzothiazol-6-yl ester;
4-fluorobenzenesulionic acid 2-(3-pyridin-3-ylpropiony-
lamino )benzothiazol-6-yl ester;
4-(2-dusopropylaminoethylamino )benzenesulfonic  acid
2-(3-pyridin-3-yl-propionylamino )benzothiazol-6-yl
ester;
4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-(3-pyridin-3-yl-propionylamino)benzothiazol-6-
yl ester;
4-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-ylamino)benze-
nesulfonic acid
2-(cyclopropanecarbonylamino )benzothiazol-6-yl ester;
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4-(2-hydroxy-2-methylpropylamino )benzenesulionic
acid 2-(3-piperidin-4-yl-propionylamino )benzothiazol-
6-yl ester;

4-(2-dusopropylaminoethylamino)benzenesulionic  acid
2-butyrylaminobenzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-butyrylaminobenzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulionic acid

2-1sobutyrylaminobenzothiazol-6-yl ester;
4-(2-hydroxy-2-methylpropylamino)benzenesulionic
acid 2-butyrylaminobenzothiazol-6-yl ester;

4-(2-1sopropylaminoethylamino)benzenesulionic acid
2-propionylaminobenzothiazol-6-yl ester;
4-(2-1sopropylaminoethylamino))benzenesulionic acid
2-acetylaminobenzothiazol-6-yl ester;
4-(2-1sopropylaminoethylamino))benzenesulionic acid
2-(2-methoxyacetylamino)benzothiazol-6-yl ester;
4-(2-1sopropylaminoethylamino)benzenesulionic acid

2-(cyclopentane-carbonylamino )benzothiazol-6-yl
cster;
4-(2-1sopropylaminoethylamino)benzenesulionic  acid
2-(cyclobutanecarbonyl-amino)benzothiazol-6-yl ester;
1 -methyl-1H-1imidazole-4-sulfonic acid 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester;
S-pyridin-2-ylthiophene-2-sulfonic acid 2-(cyclopropan-
ecarbonylamino)benzothiazol-6-yl ester; and
4-(2-methyl-2-phosphonooxypropylamino )benzene-
sulfonic acid 2-(cyclopropanecarbonylamino)ben-
zothiazol-6-yl ester; or
a pharmaceutically acceptable salt thereof.
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